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Abstract 
Like many regions of the world, temperate Australia represents an interface of 
globally significant biodiversity value and a history of severe ecosystem 
modification. This has left a legacy of highly fragmented ecological communities 
facing multiple, immediate threats. A significant yet poorly understood threat to 
near-coastal temperate ecosystems is native weed encroachment. This thesis 
investigates one of the earliest reported cases of native weed encroachment in 
temperate Australia: Acacia longifolia (Andr.) Willd. ssp. sophorae (Labill.) Court 
(coast wattle) in the Glenelg Plain bioregion of south-west Victoria. This once 
coastal species now covers more than 10 000 ha of the region and is a reported 
environmental weed elsewhere in Australia and overseas. The history of A. 
longifolia spread has never been quantified and causes of spread uncertain, leading 
to debate over an appropriate management response despite measured impacts on 
biodiversity. The aim of this study was to explore the spatial and temporal changes 
in A.longifolia distribution in the Glenelg Plain bioregion and develop a theory on 
the role of disturbance history in its changed distribution. This was achieved using a 
historic landscape approach based on aerial photographs and other historical data. 
The distribution of A. longifolia and other structural vegetation classes were mapped 
at seven sites ('A. longifolia sites') between 1947 and 2002. Sites were situated 
between lkm and 1 lkm from the coastline and included both traditional and non-
traditional habitat of A. longifolia. A. longifolia experienced a rapid range expansion 
from coastal to inland locations over the 55 year study period. A. longifolia cover 
increased at all sites, with an average increase of 20%. Descriptions in the historic 
literature consistently supported the changes quantified. 
The role of disturbance regime changes in explaining A. longifolia spread was 
investigated at three spatio-temporal scales: 1) decade- to century-scale changes in 
disturbance history at A. longifolia sites, 2) comparison of decade-scale disturbance 
regimes at A. longifolia and non-A. longifolia sites, and 3) site-scale dynamics of A. 
longifolia and disturbance histories at decadal time scales. Initial A. longifolia spread 
coincided with a shift from biomass-removing disturbances (clearing, grazing, and 
fire) to disturbance reduction and suppression. This is consistent with observations 
of A. longifolia encroachments elsewhere. Compared to non-A. longifolia sites, A. 
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longifolia sites experienced a greater intensity of vegetation disturbance early in the 
study period and fewer fire events in the later period. At the site level, initial 
increases in A. longifolia cover most consistently followed a reduction in grazing 
intensity. There was no such consistent pattern in relation to changes in fire 
frequency, although all increases in A. longifolia cover occurred during a period of 
fire suppression. This conflicts with the common theory that fire suppression is the 
primary cause of A. longifolia spread, however supports the theory that a 
combination of changes to both grazing and fire regimes may be responsible. 
Increases in grazing intensity (early in study period) and fire events (later in study 
period) both reduced A. longifolia cover in the short term. 
Finally, bi-temporal and multi-temporal pathways of change were traced at the A. 
longifolia sites. Pathways of persistence, resistance, and reversibility were all 
determined in relation to A. longifolia. The observed increases in A. longifolia cover 
were found to occur within a broader change from a relatively stable open vegetation 
structure to stable shrubland and woodland vegetation. A. longifolia proved to be 
persistent in the medium-term, however there were examples of changes to other 
structural vegetation states across all sites and time intervals. Of the 47% of the 
study area occupied by A. longifolia at some point in the observation period, over 
half has since changed to another state, suggesting that fine-scale occurrence of the 
species can be transient. Resistance to A. longifolia encroachment was most likely 
where vegetation cover was kept relatively intact (i.e. minimal clearing and soil 
disturbance) or where environmental conditions prevented establishment e.g. 
waterlogged dune swales. Reversal of A. longifolia cover was observed through 
succession to other woody vegetation or to low ground cover through disturbance. 
However once A. longifolia is established at a site, ongoing occasional disturbance 
may the mechanism by which the species can persist into the medium-term. Of the 
A. longifolia which changed to another state between 1947 and 1967 (mostly due to 
grazing), only 54% remained free of A. longifolia for the remaining observation 
period. 
As one of the earliest examples of A. longifolia and native weed spread in temperate 
Australia, the Glenelg Plain bioregion provides insight into the process and possible 
drivers of such range expansions. This study has confirmed to managers that A. 
longifolia has dramatically increased in range and cover, both within and beyond 
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traditional ecological vegetation classes in its biogeographical region. Multiple lines 
of evidence suggest that these changes were associated with substantial changes in 
disturbance regimes over the past century. It is proposed that the current geographic 
distribution of A. longifolia in the region may be seen as an indicator of past 
intensive land use which has since shifted to non-intensive use. Specifically, A. 
longifolia cover is concentrated at sites where there is a history of increased 
disturbance (fire, grazing and clearing) that altered vegetation structure and soil 
conditions, followed by the suppression of disturbances known to reduce A. 
longifolia cover (stock grazing, fire and clearing). 
Whilst A. longifolia encroachment may be transient at finer scales and may be 
locally reversed where the process of succession to woodland can occur unimpeded, 
it is likely that once established A. longifolia will persist into the longer term 
through its persistent seed bank and occasional disturbance events (e.g. fire, road 
maintenance). Prevention of spread into sites currently free of A. longifolia and early 
treatment of encroaching individuals is likely to be the most effective management 
strategy at the regional scale. This strategy is also likely to be appropriate at sites in 
temperate Australia where A. longifolia has only recently encroached. Where A. 
longifolia is already established, strategies aimed at reducing A. longifolia cover 
through burning or mechanical clearing must consider follow-up treatment of 
regenerating seedlings, otherwise the management action may itself promote long-
term persistence of the species. Finally, the ability for A. longifolia to dominate and 
impact biodiversity at all geographic distances from its original source (within 
traditional habitat, in new habitat within its biogeographic range, and outside its 
biogeographic range) makes it an ideal candidate for studying general concepts of 
invasiveness and weediness. 
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Chapter 1. Introduction 
1.1 GENERAL INTRODUCTION 
The conservation of biodiversity is one of the greatest challenges facing 
contemporary society. Besides its intrinsic value (Ghilarov 2000), biodiversity 
performs a suite of functions essential to human subsistence and prosperity (UNEP 
2000, Loreau et al. 2001, Kim and Byrne 2006). Examination of current extinction 
rates within the paleontological record indicates that we are now experiencing a 
'sixth mass extinction' event, one which has accelerated considerably in the last half 
century due to human actions (Myers 1993, Dirzo and Raven 2003). The loss of 
species, genetic diversity and ecosystem functioning has significant social, 
environmental and ecological consequences, not least of which is the disruption of 
evolutionary forces and the ability of ecosystems to absorb change (Myers 1993, 
Ghilarov 2000, UNEP 2000). Humanity stands at a moment in time when significant 
changes are already in motion and the magnitude of potential change can be at least 
partly appreciated. The challenge to conservation researchers in identifying and 
understanding the key threats to biodiversity and proposing remedial action is hence 
one of urgency and responsibility. 
Australia is one of seventeen internationally recognized 'megadiverse' countries and 
contains some of the world's highest levels of species endernism (DEST 1996, 
Williams and West 2000, Dirzo and Raven 2003). The total value of biodiversity to 
both the Australian and global society is immeasurable (DEST 1993, ANZECC 
2001). Preserving this unique and diverse biota is hence a national conservation 
priority (DEST 1993, 1996, ANZECC 2001, Commonwealth of Australia 2002). As 
one of only two developed nations among the megadiverse countries, Australia has a 
critical stewardship role to play in international conservation (DEST 1993, Williams 
and West 2000). 
However, in the 200 years since European settlement, the Australian environment 
has suffered widespread degradation and modification through human actions 
(DEST 1996, ANZECC 2001). Whilst virtually all Australian ecosystems have been 
impacted in some way by European settlement, the most intensive modification has 
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occurred in temperate Australia (DEST 1996, Yates and Hobbs 1997) ('temperate' 
referring here to the temperate climatic zone of Australia, as classified in Kotteck et 
al. (2006)). Temperate Australia is home to areas of globally recognised biodiversity 
value (Olson and Dinerstein 2002), including vegetation communities that contain 
some of the highest fine-scale species richness in the world (Lunt 1990, McMahon 
et al. 1994). However, the favourable climate for both human settlement and 
agricultural production resulted in large expanses of native vegetation being cleared 
during early settlement. Active conservation of remaining vegetation will be 
necessary to reduce further biodiversity loss. 
Protected areas such as conservation reserves play an undeniably important role in 
the maintenance of biodiversity worldwide (Mulongoy and Chape 2004), and in 
temperate Australia they represent some of the last refuges for biodiversity amidst a 
predominantly agricultural and urbanised landscape. However such reserves are not 
immune to ongoing degradation and loss of biodiversity. One of the most significant 
threats to biodiversity within reserves are weeds (Adair 1995, Vitousek et al. 1997a, 
Williams and West 2000). Although weeds are typically exotic species, some 
significant weeds can be native species encroaching beyond their previous range 
(Williams and West 2000). Research from North America suggests that rather than 
being a lesser threat than species from far away, weedy species from nearby sources 
can actually have greater impacts (McKinney 2005). In temperate Australia, native 
weeds in coastal and near-coastal areas are emerging as a significant threat to 
remaining biodiversity (e.g. Burrell 1981, Molnar et al. 1989, Bennett 1994, 
Costello et al. 2000, Coutts 2001, Carr 2001a, Emeny et al. 2006). Despite their 
'native' status, active management of weedy occurrences of these species can be 
justified based on their impacts on biodiversity (Rose 1997). 
A disparity currently exists between the apparent extent and observed impacts of 
native weeds in temperate Australia, and the current level of understanding of the 
nature and cause of this relatively recent management issue. Whilst occurrences of 
native weeds have been increasingly reported across nature reserves in south-eastern 
Australia (Burrell 1981, Robinson et al. 1986, Molnar et al. 1989, Parks Victoria 
1991, Carr et al. 1992, Bennett 1994, McMahon et al. 1994, Lunt 1998a, Parks 
Victoria 1998f, 1999, Singer and Burgman 1999, Costello et al. 2000, Todd 2000, 
Coutts 2001, Parks Victoria 2002a, 2004, Emeny et al. 2006), the processes and 
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factors driving these weed encroachments remain largely unstudied. Whilst the 
spread of some species have been documented at single study sites (Bennett 1994, 
Costello et al. 2000), most encroachments remain undocumented. Current 
management is disparate and reactive, and managers are often uncertain as to the 
best approach. Unless the process leading to these encroachments and factors 
driving them are more fully understood, management will continue to be ad hoc at 
best. Previous complacency due to a lowered perception of threat compared to 
exotic weeds has contributed to the current extent of the problem. Considering the 
scale of the issue and potential for harm to already vulnerable biodiversity resources, 
a degree of urgency is required in investigating the process and causes of native 
weed populations in Australia. This thesis will address some of these issues for the 
species Acacia longifolia (Andr.) Willd. ssp. sophorae (Labill.) Court (referred to 
hereafter as A. longifolia). 
1.1.1 Acacia longifolia ssp. sophorae as a native weed 
A. longifolia is typically understood to be a coastal shrub indigenous to south-
eastern temperate Australia, confined to a very specific coastal dune habitat (Court 
1965, Cochrane et al. 1968, Specht 1972). Over the last two decades, there have 
been increasing reports of the spread of this species into woodland, grassland and 
heathland habitats across temperate Australia (Parks Victoria 1991, Carr et al. 1992, 
Huebner 1994, McMahon et al. 1994, Baldock et al. 1995a, Parks Victoria 1998f, 
Backhouse et al. 1999, Parks Victoria 1999, Wark 1999, Costello et al. 2000, Coutts 
2001, Carr 2001a, Bayside City Council 2002, Parks Victoria 2002a, 2002b, 
Beecham and Fisher 2003, Heard 2003, Parks Victoria 2004, Anon. 2005, Platt et al. 
2005, Emeny et al. 2006, Davis et al. 2008). 
One of the earliest reports of A. longifolia increasing in dominance and range was in 
south-west Victoria (Land Conservation Council 1972, Beauglehole 1986, Western 
Victorian Conservation Committee Unpublished). Native vegetation in south-west 
Victoria forms a cross-over zone between eastern Mediterranean and western 
temperate vegetation elements in Australia, and encompasses two nationally 
recognised biodiversity hotspots 
(ht ill: I iw W\:.\I .. en '{iX9l.l!l1~!!1g!:2.Y~!!l!:!io<liV't::r;;ityL!wJ.SJ2.91'i!i ngex ,html ) . Regional-seal e 
mapping by Emeny et al. (2006) estimated that 12% ofregional native vegetation is 
occupied by A. longifolia. Most of this occurs within the Glenelg Plain bioregion, 
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which is the Victorian component of the larger Naracoorte bioregion (Thackway and 
Cresswell 1995). Anecdotal evidence suggests that the species was once far less 
widespread in distribution and cover in this region (Huebner 1994, Baldock et al. 
1995a). Recent research has documented significant and possibly irreversible 
impacts to biodiversity where A. longifolia has encroached into species-rich 
heathland communities (McMahon et al. 1994, Clay and Schneider 2000, Mitchell 
and Wilson 2006, Mitchell 2007). 
Whilst the current regional distribution of A. longifolia is known, and some of its 
impacts quantified, little else is known about the occurrence of A. longif olia in the 
Glenelg Plain bioregion. Considering the extent of A. longifolia and the period over 
which the species has arguably changed in distribution, the region provides an ideal 
opportunity for understanding the process of A. longifolia spread as a guide to 
understanding more recent encroachments by the species elsewhere in temperate 
Australia. However to date, the actual change in distribution of the species has never 
been documented. This has lead to uncertainty and debate over the nature of change 
and an appropriate management response, despite the measured impacts. The cause 
of the apparent range change is also unknown and speculation is sometimes 
contradictory, making it difficult to manage vegetation strategically to minimize 
impacts on biodiversity. As with many woody shrub encroachments worldwide, 
speculation on the causes of A. longifolia spread usually focuses on disturbance 
history, including changes in fire, grazing and other disturbances regimes (Cohen 
1981, McMahon et al. 1994, Baldock et al. 1995a, Clay and Schneider 2000, 
Costello et al. 2000, Emeny 2002, Emeny et al. 2006, Mitchell 2007). However, the 
role of any or all of these factors has not been adequately tested. Another 
unanswered question is the permanency of a shift to A. longif olia-dominated 
shrubland, including vegetation change pathways under different management 
histories. Addressing these unknowns forms the basis of this thesis. 
1.1.2 Strategic weed management 
Left unmanaged, some weed species can produce significant ecological impacts, 
including reduced species richness, changes in vegetation structure and composition, 
modification or loss of species habitat, and loss of ecosystem services (McKinney 
and Lockwood 1999, Williams and West 2000, Carr 2001b). A. longifolia certainly 
has this potential (McQueen et al. 2000, Marchante et al. 2004, Galatowitsch and 
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Richardson 2005, Peperkom 2005, Werner et al. 2005), including within its native 
biogeographical region in Australia (McMahon et al. 1994, Clay and Schneider 
2000, Costello et al. 2000, Mitchell 2007). The ultimate goal of weed management 
is to reduce or minimize such impacts. Early weed management research focused on 
developing the most effective control methods (Hobbs and Humphries 1995, Odom 
et al. 2003). However, a focus on control of existing weed populations represents a 
focus on the symptoms rather than the cause of the management problem, and is not 
sustainable when considering multiple weed invasions over extensive areas. 
As the number of weed species increases and existing populations spread, there is a 
need for more effective use of limited resources for weed management. The annual 
cost of weeds to the Australian economy has been estimated at AU$4 billion, 
excluding biodiversity costs (CRC for Australian Weed Management 2007). Over 
the past decade, there has been growing recognition of the need for more strategic 
weed management (Hobbs and Humphries 1995, Rose 1997, Mullett 1999, Williams 
and West 2000, Odom et al. 2003, Dunlop et al. 2006). Strategic weed management 
focuses on treating the causes of weed introduction and spread, prioritizing 
management efforts, targeting control to where it is most effective, preventing weed 
establishment, and monitoring the effectiveness of management actions (Odom et al. 
2003, Cunningham et al. 2004, Dewey and Andersen 2004, Timmins 2004, Grevstad 
2005). Such an approach is more sustainable, as management is more targeted and 
focused on prevention of ongoing spread rather than unplanned and ongoing 
treatment of existing infestations. 
A factor which currently limits the adoption of more strategic weed management is a 
lack of understanding of weed infestations. Even the most basic information is 
unavailable for many species, including almost all native weed species. This 
represents a significant limitation to managing the impact of weeds on biodiversity. 
Basic information required to develop a strategic response to weeds includes an 
understanding of weed ecology, current distribution, factors driving spread, areas of 
potential spread, and the characteristics the affected community (Dewey and 
Andersen 2004, Grevstad 2005, Dunlop et al. 2006). In the case of native weeds, 
additional information is required to support management decisions due to their 
contentious nature (Bennett and Virtue 2004). For example, it should be established 
that the species is exhibiting weedy behaviour outside its traditional range, there is 
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evidence of ecological impacts, there will be a decline in biodiversity in the absence 
of active management, and the change in distribution or dominance can be linked to 
anthropogenic driving factors (Rose 1997, Mullett 1999, Howell 2003). At present 
such information remains unknown for most native weed populations in temperate 
Australia, including A. longifolia in the Glenelg Plain bioregion. 
Weed populations are inherently dynamic. Understanding the pattern and processes 
of weed distribution must therefore involve investigation over space and time. 
Recent ecological research also suggests that ecological patterns and processes can 
vary across different spatial and temporal scales (Turner 2005). Whilst early spatio-
temporal weed research was limited by the cost and time associated with field-based 
mapping, advances in remote sensing technologies provide the potential for 
complete spatial coverage, rapid data acquisition and semi-automated detection. 
Whilst numerous remote sensing sources have been developed over the past few 
decades, none can equal aerial photography in terms of combined temporal range 
and fine spatial resolution (Emeny et al. 2005). Aerial photography continues to 
provide a useful spatio-temporal data source, with repeat images over most areas of 
Australia dating back to the 1940s. 
1.2 AIM 
The aim of this study was to explore the spatial and temporal changes in A.longifolia 
distribution in the Glenelg Plain bioregion and develop a theory regarding the role of 
disturbance regime history in explaining its current and historic distribution. The 
results of this investigation will be used to inform management strategies for 
biodiversity conservation. 
1.2.1 Research questions 
In addressing the overall aim, this study attempted to answer the following 
questions: 
1 Has A. longifolia actually changed in distribution over recent decades, and 
what are the characteristics of this change? 
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2 Can current regional-scale distribution patterns be explained by disturbance 
history, and if so, what elements of disturbance history appear to be the most 
important? 
3 Can the initial spread of A. longifolia be explained by major shifts in 
disturbance regimes? 
4 What are the key directions and pathways of vegetation change within sites 
currently occupied by A. longifolia? 
5 Can A. longifolia dominated shrubland transition to another vegetation state, or 
is it permanent in the medium-term (defined here as 30 to 70 years)? 
6 How do the answers to the above questions inform how vegetation could be 
more strategically managed to reduce or prevent high levels of A. longifolia 
cover where management intervention is required? 
1.3 RESEARCH APPROACH 
This study builds on the previously mapped regional-scale distribution of A. 
longifolia (Emeny 2002, Emeny et al. 2006) by investigating finer-scale changes in 
its distribution. Mapping of A. longifolia across space and time provides a basis for 
understanding the nature of distribution change that has taken place, possible causes 
of distribution change, medium-term directions of change and development of 
management strategies. An attempt is made to reconstruct and link disturbance 
history to A. longifolia cover in a spatially and temporally explicit manner to assist 
in the development of a theory for A. longifolia spread in the region. 
This thesis is structured as individual chapters which each address a separate 
component of the overall research theme. 
Chapter 2 provides a review of weed and invasive species terms, native weeds 
within Australia, and the ecology and management of A. longifolia. Gaps in current 
understanding and research methods are identified. A historical Landscape Ecology 
approach is presented as a suitable approach, and aerial photography is identified as 
a key data source for the study. 
Chapter 3 provides background information on the study area. This includes its 
biodiversity significance, environmental and human histories, and previous research 
7 
on A. longifolia in the region. This chapter demonstrates why the study area is of 
significance for investigating threats to regional biodiversity and the spread of A. 
[ongifolia in temperate Australia. It suitability for spatio-temporal research is also 
highlighted. 
Chapter 4 quantifies the spatio-temporal distribution of A. longifolia at seven sites 
currently occupied by the species in the Glenelg Plain bioregion. Evidence for a 
geographic spread inland and an increase in cover in both traditional and non-
traditional habitat are explored. 
Chapter 5 reconstructs the disturbance history of sites where A. longifolia is present 
and absent in the Glenelg Plain bioregion and attempts to link changes in A. 
longifolia distribution with disturbance history. This is achieved using multiple lines 
of evidence and difference spatial and temporal scales. A range of historical data 
sources are employed, with aerial photography forming the spatial and temporal 
sequence to which other sources are referenced. 
Chapter 6 investigates bi- and multi- temporal directions and pathways of structural 
vegetation change across the 55 year study period, with a specific focus on 
investigating pathways relating to persistence, reversibility and resistance to A. 
longifolia dominance. Major transition phases are identified and interpreted in the 
context of disturbance histories compiled in Chapter 5. Management implications 
are also discussed. 
Finally, Chapter 7 brings together the outcomes of previous chapters to highlight 
and discuss key findings, and present a theory on the process and causes of A. 
longifolia spread in the Glenelg Plain bioregion. Suggestions relating to the strategic 
management of A. longifolia and directions for further research are offered. 
Chapters 4 through 6 are written in a format that allows them to stand alone as 
separate studies suitable for publication in a reduced format, hence each contains a 
separate introduction, method, results and discussion. Some minor repetition is 
therefore present between chapters. 
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Chapter 2. Literature Review 
2.1 INTRODUCTION 
Chapter 1 introduced the aim of this study and provided a brief review of the 
management and ecological context in which it sits. The aim of this chapter is 
twofold. Firstly, to review the concept of native weeds in Australia, with particular 
emphasis on the study species, A. longifolia. This review includes an assessment of 
current weed terminology, definition of terms to be used in this thesis, and the 
ecology and management of A. longifolia. Secondly, the chapter aims to identify 
gaps in current understanding and previous approaches regarding the dynamics of 
native weeds in temperate Australia and to present the approach to be used in this 
thesis. The benefits of a historical landscape approach for investigating the recent 
encroachment of A. longifolia will be explored and aerial photography identified as 
the primary data source for documenting and understanding the process of 
encroachment. 
2.2 DEFINITIONS AND TERMINOLOGY 
Whilst the existence of 'native weeds' is recognised in Australia and elsewhere, the 
terminology used to explain such occurrences is inconsistent. This can be in part 
attributed to the current terminology debate regarding weeds and the related field of 
invasion ecology. The following sections consider native weeds in the context of 
this debate and present the terminology to be followed in this thesis. 
2.2.1 Native and exotic weeds: positions on a continuum 
Native weeds may be seen as species that spread into new habitat with detrimental 
effects on the host vegetation community, yet are indigenous to the same broad 
geographical region. Native weeds do not fit under the typical definition of 'invasive 
species' used by many researchers in the invasion ecology field, which is seen to 
include only 'exotic' species (Richardson et al. 2000, Pysek et al. 2004, Falk-
Petersen et al. 2006). However, the motivation for their study also differs somewhat 
to the traditional study of plant spread in natural communities (i.e. natural 
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succession and spread) due to their environmental and socio-economic 
consequences. Native weeds may be considered a type of vegetation change with the 
potential for undesirable consequences, whether these be environmental, social, or 
economic. 
Pysek et al. (2004) presented a conceptual framework classifying the different ways 
in which species encroaching outside their typical environment can be categorized. 
According to the conceptual view being held, a species may be considered a weed, 
colonizer, alien plant, or any combination of the three (Figure 2.1 ). Pysek et al. 
(2004) suggest that the field of invasion ecology should only include alien plant 
species, which are defined as species which have been transported across major 
geographic barriers. Such species may also be weeds and colonizers. Although in 
theory invasion ecology can include the study of invasive species which are not 
early colonizers and have no measurable negative impact, this is rare. The study of 
invasive species was born out of a concern at the impacts of species invasions, and 
in the majority of cases focuses on early successional, alien weeds (Bin Figure 2.1). 
Under the framework presented by Pysek et al., native plants can also be weeds and 
colonizers, but not considered alien species (shaded areas depicted in Figure 2.1). 
Interpretation of the framework presented by Pysek et al. (2004) suggests the only 
difference between early successional native weeds and early successional alien 
weeds (A and Bin Figure 2.1) is one of geographic distance from source. As 
distance is a continuous phenomenon, the distinction between alien and native 
becomes somewhat arbitrarily defined. In some cases the geographic barrier may be 
obvious, such as a mountain range. However, in practice, the distinction is often 
based on anthropogenic boundaries such as country or state borders (Head and Muir 
2004). 
Considerable overlap then exists between the study of what are considered 'alien' 
and 'native' early successional weeds. At present, insufficient research has been 
conducted to determine whether there is a functional difference in the ecological 
impact of the two groups (McKinney 2005). It is predicted that exotic species will 
have a greater impact due to the lack of co-evolved predators to restrict population 
numbers (enemy release hypothesis, see Keane and Crawley 2002, Liu and Stiling 
2006). However, some recent research also suggests that species from closer sources 
10 
can have greater impact than those from further away due to their enhanced 
adaptation to the environmental conditions (McKinney 2005). 
WEEDS 
(anthropocentric view) 
COLONIZERS 
(ecological view) 
A - Early successional 
native weeds 
B - Early successional 
alien weeds 
ALIEN PLANTS 
(biogeographical view) 
Invasion ecology discipline 
Figure 2.1 A conceptual diagram showing the different ways of classifying plant species 
which have encroached into new environments. Early successional alien weeds ('B') 
represent species typically studied in the discipline of invasion ecology. Early successional 
non-alien weeds ('A') represent the native weeds discussed in this thesis. 
Source: adapted from Pysek et al. (2004). 
In reality, it is likely that a range of impact severities are possible across both 
categories of weeds. Despite various attempts to categorize invasive and weedy 
species, native and exotic weeds lie on a conceptual continuum, and any 
categorization is somewhat arbitrary. Nevertheless, a degree of categorisation is still 
useful for consistency in discussion and context in biodiversity management, and 
therefore will be employed here. Due to inconsistencies in current terminology 
however, determining the most appropriate definition requires some consideration. 
2.2.2 Terms used in invasion ecology 
The definitions of 'invasive species' and 'weeds' have been the subject of much 
recent debate in the field of invasion ecology (Davis and Thompson 2000, 
Richardson et al. 2000, Davis and Thompson 2002, Rejmanek et al. 2002, Colautti 
and Macisaac 2004, Larson 2005, Warren 2007, Richardson et al. 2008, Warren 
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2008), one which is yet to be resolved. The terms 'invasive species', 'colonizer', 
'naturalized', 'alien' and 'weed' have all been used interchangeably and 
inconsistently (see Falk-Peterson et al. (2006) for a recent review). This lack of 
consensus is widely recognized as an impediment to ongoing research, 
communication and optimal management (Davis and Thompson 2000, Colautti and 
Maclsaac 2004, Pysek et al. 2004, Falk-Petersen et al. 2006) (although see Hodges 
2008 for a contrasting argument). In response, several authors have offered formal 
definitions (Davis and Thompson 2000, Richardson et al. 2000, Colautti and 
Maclsaac 2004, Pysek et al. 2004, Falk-Petersen et al. 2006). Unfortunately, these 
attempts have themselves failed to come to a consensus and the debate continues. 
Attempts at practical application of these terminology frameworks suggests that 
further modification or other approaches may be required (Lawes et al. 2006). 
Weedy native species have not been dealt with explicitly in recent attempts to settle 
definitions in invasion ecology, possibly as they are not typically considered 
'invasive species' (Richardson et al. 2000). When discussed in the scientific 
literature, a number of terms have been used, including 'expansive' species (Pysek 
et al. 2004), 'environmental weeds' (Mullett 1999, Carr 2001a, Lam and van Etten 
2002), 'recently arrived' or 'locally non-native' (Usher 1999), 'locally persistent 
species' (Kloot 1985), 'native weeds' (Randall 2002, Bennett and Virtue 2004, 
Maguire 2005), 'native invaders' (Emeny et al. 2006), and 'native environmental 
weeds' (Keighery 2002, Morgan et al. 2002, Mitchell and Wilson 2007). Some in 
the field of invasion ecology suggest the term 'invasive species' should be reserved 
for exotic species only (Pysek et al. 2004, Falk-Petersen et al. 2006). Terms which 
have been used to include both native and exotic species include 'weed' and 
'transformer' (Pysek et al. 2004, Falk-Petersen et al. 2006). 
2.2.3 Definitions to be used in this thesis 
As no consistent term is used to describe occurrences of weedy native species, in 
this thesis 'native weed' will be adopted for the purpose of describing native species 
shifting range and increasing in abundance with known detrimental effects, 
presumably as a result of human-mediation. The term 'native' in this context is used 
to distinguish between species native to Australia and species from elsewhere in the 
world. Although species may conceptually be considered alien when transported to 
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new areas within Australia that are separated by large geographic distances (e.g. 
eastern to western Australia) (Emms et al. 2005), this definition will not be used in 
this context. Rather, species will be distinguished as native weeds invading either 
'within' or 'outside' of their previous native biogeographical region (Groves 2001). 
The term 'weed', although accepted to be somewhat subjective and value-laden 
(Groves and Burdon 1986, Pysek et al. 2004, Falk-Petersen et al. 2006, Warren 
2007), is chosen as it is currently the most accepted term within invasion 
terminology which encompasses native species expanding beyond their traditional 
range (Falk-Petersen et al. 2006). In this thesis it aims to distinguish between 
occurrences of native species in perceived 'low-impact' situations versus human-
mediated occurrences with known biodiversity impacts. Whilst the concept of native 
weeds often applies to agricultural or forestry production systems (e.g. Gavazzi et al. 
2000, Chen et al. 2004, Pal 2004, Sakonnakhon et al. 2006), in this thesis it will 
refer to natural or semi-natural communities unless otherwise specified. It is also 
recognized that the term 'environmental weed' is often used to incorporate native 
species in the Australian context (Williams and West 2000, Keighery 2002). 
However, for international consistency, the word 'environmental' will be omitted 
here as it is often considered to only include exotic species (Richardson et al. 2000, 
Falk-Petersen et al. 2006). Species considered weeds from outside of Australia will 
be termed 'exotic weeds'. 
The terms used to describe the process of native weeds shifting distribution will be 
'range expansion' (Davis and Thompson 2000) and 'encroachment'. 
2.2.4 'Traditional' and 'non-traditional' habitat 
A factor that conceptually distinguishes native weeds from other native species is 
their shift into vegetation communities in which they were previously not present or 
present in negligible quantities. Whilst plant distribution is dynamic, and species 
naturally shift range, it is the speed at which these shifts have occurred, the change 
in community dominance, and the impacts on biodiversity that distinguishes these 
species in a biodiversity management context. 
For the purposes of investigating the nature of change relating to A. longifolia it is 
necessary to define so-called 'traditional habitat' and 'non-traditional habitat' of the 
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species in the context of recent history (defined here as post-European settlement, 
from approximately the mid-1800s). 
'Traditional habitat' will be defined as vegetation communities in which A. 
longifolia was understood by botanists to be a typical component prior to recently 
observed vegetation change. Traditional habitat incorporates both communities in 
which A. longif olia was a dominant structural component of a community, and those 
in which it was considered a minor species. Traditional habitat where A. longifolia is 
understood to be a dominant species in the Glenelg Plain bioregion is the 'Coastal 
Dune Scrub' ecological vegetation class (EVC) (Commonwealth and Victorian RFA 
Steering Committee 2000). Traditional habitat in which A. longifolia was understood 
to be a more minor component includes the EVCs 'Coastal Alkaline Scrub' 
(previously 'Calcarenite Dune Woodland') and 'Coastal Headland Scrub' 
(Commonwealth and Victorian RFA Steering Committee 2000). 
'Non-traditional habitat' will be defined as all other EVCs in which A. longifolia 
was understood by botanists not to be a typical member at the time of European 
settlement. Major EVCs in the Glenelg Plain bioregion where A. longifolia did not 
occur include 'Damp-sands Herb-rich Woodland' and its various complexes, 'Sand 
Heathland' and 'Heathy Woodland' (Commonwealth and Victorian RFA Steering 
Committee 2000). A full list of EVCs in the study sites can be found in Chapters 4 
and 5 and their descriptions in Appendix 1. 
2.3 NATIVE WEED OCCURRENCE IN AUSTRALIA 
The encroachment of native woody species into new habitats is not a phenomenon 
unique to Australia. Well documented cases include Juniperus and Prosopis spp. in 
North America (Miller and Rose 1995; Knapp and Soule 1998; Brown and Archer 
1999; Van Auken 2000), and various shrub species in Africa (Jeltsch et al. 1997; 
Blaum et al. 2007). However, this review will focus specifically on the Australian 
context. 
Historically, most weeds of natural areas in Australia have originated from other 
countries (Williams and West 2000, Groves 2001). However, in recent decades, 
there has been an increasing occurrence of native weeds in natural areas (Burrell 
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1981, Kloot 1985, Carr et al. 1986, Groves 1986, Robinson et al. 1986, Bennett 
1994, McMahon et al. 1994, Adair 1995, Mullet and Simmons 1995, Rose 1997, 
Costello et al. 2000, Carr 2001a, b, Coutts 2001). Impacts of weedy native species 
can be as severe as exotic weed species (McMahon et al. 1994, Mullet and Simmons 
1995, Rose and Fairweather 1997, Mullett 1999, Clay and Schneider 2000, Costello 
et al. 2000, Mitchell 2007), and therefore represent an equally significant issue to 
biodiversity management where this occurs. 
Groves (2001) recognises two distinct possibilities in which Australian plants can 
become weeds within Australia. These are 1) those which have become weeds 
outside their native biogeographical region, and 2) those which have become weeds 
in new environments ('non-traditional' habitat) within their native biogeographical 
region. Carr (2001a) adds two more: 1) hybrids between native and non-native 
species, and 2) so-called 'ecologically-out-of-balance' species which increase in 
abundance in communities in which they were previously a minor component. This 
thesis will focus primarily on native weeds occurring within their biogeographical 
region. 
The incidence of native species becoming weedy in new environments within their 
biogeographical region in Australia has to date been largely confined to temperate 
zones (Head and Muir 2004). It has also been reported outside Australia (Celesti-
Grapow and Blasi 2004, Espinosa-Garcia et al. 2004, Costall et al. 2006). The most 
serious occurrences in temperate Australia have all involved fire sensitive shrubs, 
namely Pittosporum undulatum (Rose and Fairweather 1997, Mullet 2001), Kunzea 
ambigua (Odom 1990), Kunzea ericoides (Singer and Burgman 1999), 
Leptospermum laevigatum (Molnar et al. 1989, Bennett 1994),Acacia longifolia ssp. 
sophorae (Cohen 1981, McMahon et al. 1994, Costello et al. 2000, Emeny et al. 
2006) and Acacia longifolia ssp. longifolia (Adair 1987, Coutts 2001). Most, if not 
all of these species have been recorded as significant weeds in other biogeographic 
regions of Australia (Keighery 2002, Lam and van Etten 2002), as well as locations 
elsewhere in the world (Kloot 1985, Keighery 2002, Randall 2002). 
Despite increasing discussion of native weeds in Australia (Robinson et al. 1986, 
Coutts 2001, Groves 2001, Low 2001, Carr 2001a, Howell 2003, Head and Muir 
2004) and inclusion of native weeds in weed lists (Carr et al. 1992, Muyt 2001, Platt 
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et al. 2005, Randall 2007), actual research into the ecology, impacts and 
management of these species is still limited (Bennett 1994, McMahon et al. 1994, 
Rose 1997, Rose and Fairweather 1997, Singer and Burgman 1999, Costello et al. 
2000, Davies et al. 2008). Particularly important issues include understanding the 
role of human activities in causing the observed range expansions, documenting the 
nature of change, and identifying the outcomes of change in the absence of active 
management. Greater understanding of these aspects could then inform appropriate 
management of native weed occurrences. This has not taken place for most species. 
There are biodiversity consequences of not adequately understanding how native 
weeds should be managed. Withholding management action based on native status 
alone has in some cases led to significant structural change and loss of species 
diversity (Carr 200la). At the other extreme, blanket labeling of Pittosporum 
undulatum as an 'environmental weed' in south-eastern Australia has led to cases of 
unquestioned clearing of the species in parts of its indigenous habitat, with apparent 
negative consequences to understory habitat (Howell 2003). Neither is a desirable 
outcome where biodiversity conservation is the primary goal. 
Documentation of vegetation change is the first step to understanding the processes 
of change and to identify appropriate management responses. Whilst the spread of a 
limited number of native shrub encroachments have been documented at individual 
sites (Bennett 1994, Costello et al. 2000, Franco and Morgan 2007), most have not. 
This lack of documentation restricts understanding of the extent and magnitude of 
the issue, making it difficult to assign management priorities. 
Speculation over the causes of native weed spread in temperate Australia has 
included numerous theories: change in fire frequency, a change in grazing regimes, 
increased disturbance, hybridisation with other species, habitat fragmentation, 
increased dispersal via exotic vectors, natural range expansion and various 
combinations of the above (Cohen 1981, Offor 1990, Bennett 1994, Baldock et al. 
1996, Singer and Burgman 1999, Costello et al. 2000, Coutts 2001, Foulkes and 
Heard 2003, Emeny et al. 2006, Mitchell 2007). The most widely accepted 
explanation is a lack of fire, due to the observation that most native weeds are fire 
sensitive woody species and the current widespread practice of fire suppression has 
reduced fire frequency in nature reserves (Lunt 1998a, 1998b ). However there is not 
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enough quantitative evidence to support or dismiss these hypotheses. Attribution of 
changes in woody plant abundance to human induced changes in disturbance 
regimes has been cautioned where there is a lack of substantial evidence and a 
possibility that longer term climatic changes may be involved (Swetnam et al. 1999). 
There have been few attempts to explicitly determine the processes and causes of 
native weed invasions in temperate Australia. The most substantial attempts to date 
include Costello et al. (2000), Bennett (1994) and Singer and Burgman (1999). 
Costello et al. (2000) mapped the temporal change in cover of A. longifolia at a 
coastal grassland site over a 50 year period. Their study confirmed the rapid 
encroachment of the species over a number of decades, and is the first to 
quantitatively document range expansion by A. longifolia within its biogeographical 
region. However the aim of their study was to quantify impacts of A. longifolia 
encroachment, and theories provided on the cause of encroachment were admittedly 
based on circumstantial evidence. Bennett (1994) similarly mapped the spread of 
Leptospermum laevigatum in coastal heathlands at Wilson's Promontory, southeast 
Victoria. Historical sources were used to explain the cause of expansion; however 
these were again circumstantial and not explicitly linked to changes in the 
distribution of the species. Singer and Burgman ( 1999) studied the spatial structure, 
age structure and population dynamics of an expanding population of Kunzea 
ericoides within its indigenous range. Causes of this process were speculated upon 
but not specifically investigated. 
Whilst previous studies have made important contributions in demonstrating the 
existence of range expansions within temperate Australia, all have taken place at 
single study sites with an assumed spatially homogenous disturbance history. It is 
now widely recognised that spatial heterogeneity can play an important role in 
explaining ecological patterns, including species distribution (Turner 2005). Greater 
documentation at other sites within Australia and further research into the dynamics 
of native weeds under varying environmental and disturbance regimes would 
increase our understanding of these occurrences. This thesis will focus on the spatio-
temporal change in distribution of A. longifolia across multiple sites. 
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2.4 ECOLOGY AND RANGE EXPANSION OF A. LONG/FOL/A 
Before describing the current issue of encroachment and vegetation change 
attributed to A. longifolia, its ecological attributes and taxonomy will be reviewed. 
Research undertaken on weedy populations of A. longifolia outside of Australia will 
also be included in the review to gain a broader understanding of the species. In 
some cases, the subspecies of A. longif olia was difficult to ascertain from 
international references, however subspecies sophorae is assumed. Understanding 
the ecology of A. longifolia is crucial in helping interpret the results of research into 
the pattern and process of changes in distribution, hence it will be reviewed in some 
detail. 
2.4.1 Ecology of A. longifolia 
Taxonomy and morphology 
Acacia longifolia has two recognised sub-species, ssp. longifolia (sallow wattle), 
and ssp. sophorae (coast wattle) (Walsh and Entwisel 1999). Weedy populations of 
both exist in Australia (Carr et al. 1992, Carr 2001a). Acacia longifolia is a 
spreading shrub to small tree, 1.5 m to 10 m tall, with linear to elliptic phyllodes 
(Walsh and Entwisel 1999) (Figures 2.2 and 2.3). The form and morphology of the 
two subspecies grade into each other, and may vary according to environmental 
conditions, making accurate identification difficult (Carolin and Clarke 1991, Walsh 
and Entwisel 1999). 
Subspecies longifolia is most typically an upright tree from 2 m to 8 m, whilst ssp. 
sophorae is most commonly a dense, rounded, spreading shrub from 0.5 m to 4 m 
high (Benson and McDougall 1996, Muyt 2001) (Figure 2.3). Although similar in 
form and habitat, the two subspecies can be separated based on biochemical and 
morphological characteristics (Murray et al. 1978). 
Taxonomy of the two subspecies is still debated. The two subspecies have at various 
times been considered separate species i.e. Acacia sophorae (Labill.) R.Br. and 
Acacia longifolia (Andrews) Willd. (e.g. Murray et al. 1978), as well as varieties of 
A. longifolia (e.g. Willis 1972). The most recent version of Flora of Victoria (Walsh 
and Entwisel 1999), United States Department of Agriculture (USDA 2005), and 
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International Legume Database & Information Service (2005) consider the two sub-
species, which is the taxonomic status adopted here. 
Acacia longifolia subsp. sophorae 
Ph\-i lodes 5-12 ____ , 
x 1-3 an sub-cori~ceo us, sometimes 
fleshy 
Illustrated byK. Thiele 
Figure 2.2 Morphological characteristics of A. longifolia ssp. sophorae 
Source: Modified from Thiele (2008),http://www.worldwidewattle.com/speciesgallery/longifolia.php 
Figure 2.3 A. longifolia in the Glenelg Plain bioregion. 
Source: Photographs taken by author looking southeast over the Bulley Ranges, September 2005. 
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Acacia longifolia ssp. sophorae is the primary focus of this research. Hereafter the 
use of A. longifolia will refer to ssp. sophorae unless otherwise stated. 
Seed production and dispersal 
Reproduction in A. longifolia is exclusively by hard-coated seed (Weiss 1984, Muyt 
2001, Groves et al. 2005), which is produced when the species reaches reproductive 
maturity at two to three years (Muyt 2001). The amount of seed produced varies 
considerably according to climate (especially rainfall) and predation (Weiss 1984, 
McMahon et al. 1994, Muyt 2001). Under typical conditions, production of 580 
green seeds per square meter was recorded by Weiss and Milton (1984) in coastal 
New South Wales, Australia. Seed incorporated into the soil may remain dormant 
for many years until stimulated to germinate (Weiss 1984). Longevity of the species 
is estimated at 20 to 30 years (Hazard and Parsons 1977). 
Germination of seed mostly occurs after a physical disturbance in which the seed 
coat or testa is damaged (Weiss 1983). This allows water to permeate the hard seed 
coat and initiate germination (Clemens et al. 1977). Clemens et al. (1977) found 
germination rates of 97% following manual chipping of the seed testa. Fire is the 
main stimulus for germination (Benson and McDougall 1996). Weiss (1984) 
recorded an increase in average germination rates from O. l/m2 in an unburnt control 
site to 1.3/m2 following fire (both wildfire and a hot prescribed bum). McMahon et 
al. ( 1994) noted substantial seedling recruitment following a hot prescribed bum, 
with average germination of 2.75 seedlings square meter. Wark (1999) also reported 
heavy recruitment of A. longifolia following wildfire in the Otway Ranges of 
Victoria. Some germination may occur each year in the absence of obvious 
disturbance (including fire), although numbers are relatively low (Weiss 1984). 
The primary known vectors of A. longifolia are ants and birds (Hazard and Parsons 
1977, Carr et al. 1992, McMahon et al. 1994, Gosper 2004 ). Short distance dispersal 
is most common, with occasional long-distance dispersal (McMahon et al. 1994). 
Additional pathways may include road maintenance machinery, dumping of garden 
refuse and soil (Muyt 2001), and spread of road making materials (McMahon et al. 
1994). 
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Environmental tolerances 
A. longifolia exhibits a wide range of environmental tolerances. It will grow in light 
conditions from partial shade through to full sun, although growth and germination 
success tend to be compromised in low-light conditions (Weiss 1983, Baldock et al. 
1996). The species will also tolerate exposed positions, a mobile substrate, wind and 
salt spray, low soil nutrients and a range of soil types (Weiss and Noble 1984a, 
Benson and McDougall 1996, Carr 2001a, Anon. 2005). The species has also shown 
the ability to readily colonize disturbed substrates (Cohen 1981). 
In most situations A. longifolia can be found growing in sandy or loamy soils (Weiss 
1983, Baldock et al. 1996, Hilton et al. 2000, Peperkom 2005). It will tolerate a 
range of soil pH from mildly acidic to strongly alkaline (Cohen 1981, Weiss and 
Noble 1984a), but does not tolerate water-logged soils (Heard 2003). 
The species is fairly intolerant to high elevations due to its frost sensitivity (Baldock 
et al. 1996). This may in part restrict its inland distribution, though the species is 
now recorded as growing up to lOOkm inland in southern Australia (Cohen 1981, 
Foulkes and Heard 2003). Although it exhibits tolerance to water stress (Weiss and 
Noble 1984a), A. longifolia has also been observed to have reduced vigor, seedling 
competitiveness and seed production under reduced water conditions (Weiss 1984, 
McMahon et al. 1994, Peperkom 2005, Werner et al. 2005). 
Research by Weiss and Milton ( 1984) suggests that A. longifolia may be a good 
competitor at the seedlings stage in near-monoculture situations, but less so when 
occurring amongst other competitive species. 
2.4.2 Encroachment of A. longifolia outside its range in 
Australia 
History of distribution change in Australia 
The generally accepted indigenous range of A. longifolia is a narrow belt along the 
south-eastern coast of Australia, incorporating parts of South Australia, Victoria, 
New South Wales, Queensland and Victoria (Cochrane et al. 1968, Specht 1972, 
Walsh and Entwisel 1999, Costello et al., 2000, Carr 200lb, International Legume 
Database & Information Service 2005). It is primarily associated with coastal dunes, 
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particularly the secondary dune area, and up to 400 m inland (Specht 1972, Hazard 
and Parsons 1977, Weiss 1983, Brewer and Whelan 2003). Until approximately the 
1960s, A. longifolia was almost exclusively associated with this environment 
(Galbraith 1960, Court 1965, Cochrane et al. 1968, Specht 1972). 
From the 1980s there have been increasing reports of A. longifolia encroaching 
outside its typical coastal dune habitat across temperate Australia, including in 
Victoria, South Australia, New South Wales, Western Australia, and Tasmania 
(Cohen 1981, Kloot 1985, Carr et al. 1992, McMahon et al. 1994, Baldock et al. 
1995a, Wark 1999, Costello et al. 2000, Coutts 2001, Groves 2001, Muyt 2001, Carr 
200la, Foulkes and Heard 2003, Groves et al. 2005, Emeny et al. 2006, Davis et al. 
2008). Reports of A. longifolia expanding from its traditional coastal habitat and 
encroaching into adjacent or inland heathlands and woodlands are particularly 
common in Victoria (McMahon et al. 1994, Baldock et al. 1995a, Parks Victoria 
1999, Wark 1999, Carr 200la, Coutts 2001, Emeny et al. 2006), to the point that the 
Victorian Biodiversity Strategy has named A. longifolia as one of the State's most 
significant challenges to heathland management (Department of Natural Resources 
and Environment 1997b). Field monitoring near Portland has recorded the steady 
encroachment of previously uninvaded heathlands, with considerable impacts on 
local plant species (Fisher 1994). Additional heathland encroachments have been 
reported east and west of Melbourne (Carr 2001a, Bayside City Council 2002), the 
Mornington Peninsula (Coutts 2001) and the Anglesea Heath and surrounding 
region (Surf Coast Shire 2002, Parks Victoria 2002a). Despite frequent reporting, 
virtually no quantitative documentation of the spread of the species has been 
undertaken. 
A. longifolia has also reportedly increased its dominance in vegetation communities 
in which it was previously a minor species. For example, A. longifolia is noted as 
greatly increasing in dominance in disturbed Coastal Alkaline Scrub habitat in 
Victoria in which it was previously a minor component (Anon. 2005). Heard (2003) 
noted that recent descriptions of coastal shrublands in southeastern South Australia 
have shown an increased emphasis on A. longifolia since 1937. Such instances of 
expansion have been labeled by Carr (2001a) as 'ecologically-out-of-balance'. 
However, little documentation exists as to the nature of this reported expansion, and 
confirmation and documentation would go some way towards understanding the 
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nature of A. longifolia distribution change. As such, this thesis will investigate 
changes in distribution in both traditional and non-traditional A. longifolia habitat. 
Impacts of encroachment 
The impacts of A. longifolia encroachment can be significant whether they occur 
within the species biogeographical range, outside its range within Australia, or in 
other countries (McMahon et al. 1994, Clay and Schneider 2000, Costello et al. 
2000, McQueen et al. 2000, Marchante et al. 2003, 2005, Mitchell and Wilson 2006, 
Mitchell 2007). 
Change in the vegetation structure and composition of invaded communities tends to 
be the most rapid and first noticed of impacts (McMahon et al. 1994, Costello et al. 
2000, Mitchell and Wilson 2006). Structural change can be dramatic due to the 
tendency of the species to invade vegetation types previously lacking a significant 
large shrub layer, such as woodlands and forests with a low understory, or low 
grasslands or heathlands lacking a tree or large shrub layer (McMahon et al. 1994, 
Parks Victoria 1999, Costello et al. 2000, Emeny et al. 2006, Mitchell and Wilson 
2006). 
Significant losses in plant species richness have been attributed to A. longifolia 
encroachments in Australia (McMahon et al. 1994, Costello et al. 2000, Mitchell 
2007). Although the reasons for loss may vary, factors such as the dominance of A. 
longifolia and its tendency to form dense monocultures, alongside its ability to 
change environmental conditions such as increased availability of soil stored 
nitrogen, increased shade, and reduced space, are all likely to play a role. Losses can 
be substantial, particularly in species-rich environments such as coastal heathlands 
and grasslands. McMahon et al. (1994) recorded an average loss of 32% in species 
richness in invaded coastal heathlands near Portland, increasing to an average 60% 
loss after 10 - 15 years. Similar results in the same area were recently recorded by 
Mitchell and Wilson (2006), with a 50% loss in plant species richness over a 17 year 
period. In coastal grasslands, Costello et al. (2000) recorded an average loss of 38% 
of plant species richness after 10 years, increasing to 76% after 20 years. A. 
longifolia has also been identified as a significant threat to a number of nationally 
threatened plant and animal species (Fisher 1994, McMahon et al. 1994, Backhouse 
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et al. 1999, Costello et al. 2000, Todd 2000, Beecham and Fisher 2003, Watson et al. 
2003). 
Dramatic change to plant community structure and composition will impact on 
dependent fauna, particularly those reliant on particular habitat structure or 
composition. For example, in the Langwarrin Flora and Fauna Reserve in south-
eastern Victoria, A. longifolia has been identified as a threat to the locally important 
Southern Emu-Wren, a small woodland bird (Parks Victoria 2002b ). Whilst there 
have been relatively few studies quantifying the impact of A. longifolia on fauna 
populations, those which have demonstrate significant negative impacts. Clay and 
Schneider (2000) used ant diversity as an indicator of broader faunal impacts caused 
by A. longifolia at Dean's Heath in the Glenelg Plain bioregion. They found a 
substantial reduction in ant diversity at sites dominated by A. longifolia compared to 
those that were not, and that recovery of populations following A. longifolia removal 
may be slow. They concluded: 
' .. .if the changed and depauperate nature of ant communities are indicative of what 
has happened to other faunal groups .. .it has serious implications for faunal 
biodiversity in the coastal heaths that have been, or are being, invaded by coast 
wattle' (Clay and Schneider 2000 p.150). 
Studies on higher fauna species in the region appear to confirm this. Rees and Paull 
(2000) note that extensive stands of A. longifolia in the region create barriers to 
patches of habitat for the southern brown bandicoot (lsoodon obesulus), which has 
declined over recent years. Mitchell and Wilson (2006) found an overall decline in 
small mammal species richness at sites encroached by A. longifolia, attributed in 
part to the loss of greater than 50% of floristic diversity over 17 years of records. 
Habitat specialists appeared to be particularly sensitive to the dramatic change in 
habitat characteristics (Mitchell and Wilson 2006). 
International research indicates that at long-invaded sites, A. longifolia is able to 
alter fire regimes, affect nutrient cycling and soil characteristics, and change water 
regimes (McQueen et al. 2000, Marchante et al. 2004, Galatowitsch and Richardson 
2005, Marchante et al. 2005). Social and economic impacts also tend to follow 
ecological impacts (Cohen 1981, Baldock et al. 1996, Emeny 2002). 
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The known and potential impacts of A. longifolia emphasises the need for greater 
understanding of encroachments by the species in order to direct strategic 
management. In the Glenelg Plain bioregion and similar environments, this includes 
an understanding of the process and potential causes of spread. Without this 
understanding, ongoing biodiversity impacts are likely. 
Long-term vegetation dynamics following A. longifolia 
encroachment 
The long-term dynamics of vegetation communities encroached by A. longifolia in 
Australia are not well understood, but play an important role in informing 
management decisions. Managers sometimes assume that the change in A. longifolia 
distribution is just part of the 'natural succession' of encroached communities and 
will transition on to other vegetation states with time (Carr 200la). Some ecologists 
have argued that the process is not part of the typical successional processes in these 
communities, and should be actively managed (McMahon 1994, Costello et al. 
2000). There is some evidence that the species may be changing successional 
pathways in invaded communities, even after it is removed (McMahon et al. 1994 ). 
It also appears that the species may affect the regeneration capabilities of other 
species (McMahon et al. 1994, Marchante et al. 2004). Research by Singer and 
Burgman (1999) on a weedy occurrence of the native Kunzea ericoides in an urban 
reserve in Victoria suggested that the encroachment of that species is persistent in 
the medium-term. However, whilst there were early calls for research into the 
longer-term successional outcomes of A. longifolia encroachment (Cohen 1981), 
such research is yet to be carried out. 
Assessing the successional outcomes of A. longifolia encroachment requires data 
collected over decadal time scales or a suitable substitute (e.g. age structure 
analysis). In any case, study sites are required where encroachment has occurred 
over several decades. Most reports of A. longifolia encroachment are too recent to 
allow for the study of longer-term successional trends. However, in the Glenelg 
Plain bioregion the first visible change in A. longifolia distribution was reported in 
the early 1970s (Land Conservation Council 1972). It provides an ideal opportunity 
to examine medium-term successional trends of the species. 
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2.4.3 Possible causes of A. longifolia encroachment 
The exact causes for encroachments by A. longifolia within Australia (at any level) 
are largely unknown, as with many weedy species. Whilst some quantitative 
research has been done on the factors allowing A. longifolia to invade vegetation in 
Portugal and South Africa (Weiss and Milton 1984, Marchante et al. 2004), theories 
on the causes within Australia have been largely subjective (Cohen 1981, McMahon 
et al. 1994, Baldock et al. 1995a, Costello et al. 2000). 
In the discipline of invasion ecology, successful invasion of a vegetation community 
is determined by interactions between traits of the invader (or it's 'invasiveness') 
and characteristics of the invaded environment (it's 'invasibility') (Henderson et al. 
2006, Richardson and Pysek 2006). Such an approach of considering traits of the 
species and host environment is also useful when considering why a native species 
has expanded in range. 
As with many invasive species, there are examples of both weedy and non-weedy 
populations of A. longif olia in both Australia and overseas, and even within a single 
biogeographical region. Factors generally believed to enhance the success of A. 
longifolia include its rapid growth rate, efficient dispersal mechanisms, high seed 
production, longevity of soil-stored seed, short juvenile period and its ability to fix 
nitrogen (a particular advantage in the nutrient-poor soils typical of large parts of 
Australia) (McMahon et al. 1994, Marchante et al. 2003). Many of these qualities 
relate to the species' function as a pioneer species, typified by an ability to 
substantially increase population numbers in uncrowded or favourable conditions 
(Haysom and Murphy 2000). Galatowitsch and Richardson (2005) for example 
found a negative correlation between A. longifolia presence and canopy closure, the 
species is more likely to occur on exposed ground with little canopy cover. 
Most of the research on the characteristics of A. longifolia that make it a successful 
colonizer has been undertaken in Portugal. Werner et al. (2005) found established A. 
longifolia to be highly competitive compared to Portuguese dune species. Peperkorn 
et al. (2005) recorded significantly higher growth rates in A. longifolia compared. to 
native Portuguese dune species. This effect was positively associated with nutrient 
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availability. The ability of A. longifolia to fix nitrogen has enhanced the potential of 
the species to invade nutrient-poor environments (Marchante et al. 2003). Peperkom 
et al. (2005) suggest that this ability alongside high biomass production allows the 
species to gain further competitive advantage as the invasion progresses, through 
further enrichment of the soil via nutrient rich litter produced by the species. 
Heavy infestations of A. longifolia in Portugal and South Africa have also been 
attributed to very high levels of seed production and storage in the soil (Weiss 1983, 
Weiss and Milton 1984, Marchante et al. 2003). Quantities of up to 8 000 seeds/m2 
of A. longifolia in soils of the South African fynbos have been recorded by Weiss 
(1983). However, much lower quantities are recorded in Australia due to high 
predation rates (Weiss 1983, 1984, McMahon et al. 1994, Taylor unpublished), even 
in heavily invaded sites (e.g. McMahon et al. 1994). Hence this characteristic alone 
does not explain most Australian encroachments. 
Enhanced plasticity or adaptation has been found to increase the competitive 
advantage of some weed species (Daehler 2003). Peperkom et al. (2005) tested the 
plasticity of A. longifolia in comparison to native dune species in Portugal, and 
found the species to have only moderate plasticity, which was not significantly 
different to the native species. 
The characteristics of a weed species alone do not completely explain weed spread 
and persistence without consideration of the host environment. Whilst the ecological 
characteristics of A. longifolia are reasonably well studied, the environmental 
characteristics facilitating encroachment by A. longifolia are less well understood. 
Whilst particular characteristics of A. longifolia may increase its competitiveness, 
encroachment will only occur if the host environment is susceptible to colonization 
and proliferation of the species. Many, sometimes contradictory, explanations have 
been offered to explain why A. longifolia has encroached into new environments. 
Generally these relate to changes in disturbance regimes. 
Changes in fire regimes are the most common explanation for the spread of A. 
longifolia in coastal and near coastal areas of south-eastern Australia (Race and 
Rollings 1992, McMahon et al. 1994, Clay and Schneider 2000, Mitchell 2007). 
Costello et al. (2000) argue that it has been a decrease in disturbance frequency, both 
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in grazing pressure and fire, which has allowed A. longifolia to invade coastal 
grasslands in south-eastern Australia and other parts of Australia. McMahon et al. 
(1994), Race and Rollings (1992) and Mitchell (2007) attribute the recent 
encroachment of coastal heathlands in the Glenelg Plain bioregion to a reduction in 
fire frequency. This is based on the observation that mature A. longifolia plants are 
sensitive to fire, killed by 100% canopy scorch (McMahon et al. 1994). However, 
they provide only anecdotal evidence to support this theory. 
In Portugal, Marchante et al. (2003) assert that the invasion of A. longifolia has been 
strongly associated with an increased incidence of fire, with the species increasing 
rapidly after fire events. They attribute this to the accumulation of significant 
numbers of A. longifolia seed in the soil, which is stimulated to germinate en masse 
following fire, vigorously out competing native seedlings. Similar observations have 
been made in southern Australia (Wark 1999, Surf Coast Shire 2002). Interestingly, 
Vranjic et al. (2000) suggest using fire as a means for promoting A. longifolia 
establishment in the restoration of its native habitat. 
Changes in grazing regimes have more recently been implicated in A. longifolia 
encroachments (Costello et al. 2000). Costello et al. (2000) measured the spread of 
A. longifolia in coastal grasslands from aerial photographs, and found the most rapid 
increase in the species followed the removal of cattle grazing. They attribute this 
increase to the palatability of A. lonigoflia to grazing animals, and suggest that 
grazing removal may also explain heathland invasions near Portland. Bennett (1994) 
also recorded a rapid increase in A. longif olia following grazing removal in coastal 
grassy woodlands at Wilson's Promontory in south-eastern Victoria. To date, the 
role of grazing regimes has not been investigated in the Glenelg Plain bioregion or 
elsewhere. 
Other anthropogenic disturbances have also been implicated in the spread of A. 
longif olia. Emeny et al. (2006) demonstrated an association between A. longifolia 
distribution and various disturbance factors (such as distance to roads, level of 
human activity and management intervention) in the Lower Glenelg National Park, 
south-west Victoria. Several authors have also alluded to the association between A. 
longifolia presence and disturbed roadsides (Cohen 1981, Baldock et al. 1996, 
Emeny et al. 2006, Taylor unpublished) or fragmented vegetation (Mitchell 2007). 
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Finally, it has been suggested that increased vectors such as exotic birds and spread 
by humans (e.g. via vehicles) has greatly increased propagule pressure and driven 
invasions (Race and Rollings 1992, McMahon et al. 1994, Carr 2001a, Emeny 
2002). McMahon et al. (1994) frequently observed exotic starlings feeding on A. 
longifolia seeds, and noted high densities of the species under perching locations. 
Pritchard (pers. comm.) also suggests that rabbits may spread seed of A. longifolia in 
south-west Victoria. 
Evidence for the various theories on A. longifolia encroachments in Australia, or in 
fact any of the native weed encroachments, is anecdotal at best, and explanations are 
even contradictory in some cases. Further exploration of these factors is required to 
better understand encroachments. This will require more explicit linking of 
disturbance histories to changes in the cover or density of native weeds in time and 
space, and across multiple locations and environmental conditions. 
2.4.4 Current management and the need for a strategic 
approach 
Several management approaches have been used for weedy populations of A. 
longifolia. There appears to be no single best approach, and in many cases little or 
no management is applied (Emeny 2002). The most common control methods to 
date include chemical or physical control, biological control, and fire management. 
Chemical, physical and mechanical control techniques have all proved useful under 
some circumstances, particularly in small-scale and lower-value conservation areas 
(Cohen 1981, MacDonald pers. comm., Stevens 1983, Milne et al. 1996, Clay and 
Schneider 2000, Maguire 2005). Biological control of A. longifolia has been 
extremely successful in overseas sites, notably the Cape Region of South Africa 
(van Wilgen et al. 2000, van Wilgen et al. 2004), however there have been some 
minor issues with non-target species being affected by this program (including other 
Australian acacias) (Donnelly and Hoffman 2004). This would be a concern in 
Australia if species were introduced to control invasions well outside the species 
native range (e.g. in Western Australia). 
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Prescribed burning holds significant promise for large-scale management of A. 
longifolia (Fisher 1994, McMahon et al. 1994, Hill 2005), however its use is 
problematic due to uncertainties over the best implementation strategy. Fire has been 
used as a technique for either reducing existing A. longifolia cover, exhausting soil 
stored seed, or both, by exploiting the properties of fire sensitivity and fire-
stimulated germination in the species (Fisher 1994, McMahon et al. 1994). The use 
of fire has additional ecological benefits in some ecosystems where regeneration of 
many species is dependent on fire e.g. heathlands (McMahon et al. 1994). However, 
use of prescribed burns is not straightforward, due to the potential for enhanced 
seedling regeneration by A. longifolia (Weiss 1984, McMahon et al. 1994, Wark 
1999, MacDonald pers. comm.) and other undesirable side-effects following repeat 
burns (Hill 2005). Uncertainty remains over the best use of prescribed fire, partly 
due to the lack of knowledge regarding the encroachment process. 
Recovery potential of sites where A. longifolia is actively managed appears variable. 
Whilst some studies have demonstrated a measure of improvement in impacted 
communities following management (McMahon et al. 1994, Clay and Schneider 
2000, Marchante et al. 2004), there are also indications that short-term recovery 
potential decreases significantly with age and degree of invasion (McMahon et al. 
1994, Clay and Schneider 2000, Marchante et al. 2004, Galatowitsch and 
Richardson 2005, Hill 2005). 
Considering evidence that impacts of A. longifolia may be costly and difficult to 
reverse, prevention of further spread is a sensible approach (Emeny et al. 2006). 
Successful prevention however will require a greater understanding than we 
currently have in regards to the mechanisms and causes of encroachment into 
previously unoccupied areas. 
Management of weedy occurrences of A. longifolia in Australia has been largely 
reactive, being implemented once significant populations have already established. 
This is not ideal considering the possible consequences of delayed management. The 
current approach is due largely to a lack of understanding regarding the process and 
outcomes of A. longifolia range expansion. In order to assess weedy populations of 
the species and be more strategic in their management, further research into the 
causes of encroachment and their medium to long-term outcomes is clearly required. 
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further investigation into the role of changed fire and grazing regimes is particularly 
pertinent. Previous approaches have documented the increased cover of A. longifolia 
(Costello et al. 2000) or its impacts (McMahon et al. 1994, Clay and Schneider 
2000, Costello et al. 2000, Mitchell and Wilson 2006), however these studies have 
not explicitly investigated the process and causes of change. An approach that 
explicitly links the distribution of A. longifolia and factors driving encroachment 
would be valuable in further understanding weedy populations of the species. Such 
an approach must examine the distribution of A. longifolia across different locations 
within its range and incorporate the history of A. longifolia spread and its potential 
driving factors. The following section will argue that a Landscape Ecology approach 
that incorporates historical ecology principles would contribute to our understanding 
of A. longifolia distribution at the local to regional scale in south-west Victoria. 
2.5 THE ROLE OF LANDSCAPE ECOLOGY IN BIODIVERSITY 
CONSERVATION 
Landscape ecology is a relatively recent science which emerged from regional 
conservation planning in central and eastern Europe (Pickett and Cadenasso 1995, 
Bastian 2001, Turner 2005). Although variously defined by many authors (Forman 
and Godron 1981, Turner 1989, Opdam et al. 2002), Turner (2005) suggests that 
most definitions relating to the discipline amount to 'a focus on understanding the 
reciprocal interactions between spatial heterogeneity and ecological processes'. The 
term 'landscape' has been described as 'an area that is spatially heterogeneous in at 
least one factor of interest' (Turner et al. 2001). Despite divergent research focus 
across different continents (see Bastian 2001, Turner 2005 for reviews), practical 
application and a focus on landscape conservation issues continue to be a central 
stimulus for landscape research as a whole (Opdam et al. 2002). A landscape 
ecology approach is now widely used across other fields of ecology (Turner 2005), 
and can help investigate long-standing problems which are difficult to solve using 
traditional ecological methods due to issues of scale and complexity. 
Whilst early ecology focused on homogeneous environments with the aim of 
excluding spatial heterogeneity as a complicating factor (Pickett and Cadenasso 
1995), landscape ecology explicitly focuses on spatial heterogeneity and the role it 
plays in ecological patterns and processes (Turner 1989, Pickett and Cadenasso 
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1995, Turner 2005). This shift in focus has helped identify some of the key driving 
factors in landscape patterns and processes which would not otherwise be evident 
(Pickett and Cadenasso 1995). Numerous studies have now shown that spatial 
heterogeneity is an important factor in explaining observed ecological patterns (e.g. 
Crist et al. 1992, Miller et al. 1995, Schlesinger et al. 1996, Murwira and Skidmore 
2005, Kumar et al. 2006). 
Manipulative experimental approaches that have formed the basis for traditional 
scientific research are not always practical or even possible when studying some 
landscape phenomena (Harrison and Bruna 1999, McGarigal and Cushman 2002, 
Turner 2005). According to Bastian (2001 p. 758), a landscape is a 'complex, highly 
integrated system'. Time-lags between driving factors and landscape changes limit 
the potential use of experimental approaches in many cases (McGarigal and 
Cushman 2002). When investigating the spread of weed species across a landscape, 
there are additional ethical constraints to carrying out experimental studies in the 
field (Pysek and Richardson 2006). Considering these limits and the relative urgency 
required in addressing large-scale conservation issues, alternative and integrated 
approaches are required. 
One of the key developments in ecological research has been the recognition that the 
scale of observation affects which patterns and processes will be observed and that 
factors driving patterns at one scale may be acting at another (Wiens 1989, Levin 
1992). This recognition has been closely linked to the development of the landscape 
ecology discipline, and the investigation of the role of scale on spatial and temporal 
patterns and processes continues to be a key research focus (Turner 2005). 
The current regional-scale distribution of A. longifolia mapped by Emeny (2002) 
shows spatial heterogeneity or 'patchiness'. Investigating this patchiness may help 
in understanding the factors involved in the recent range expansion. Anecdotal 
sources suggest that the current distribution of A. longifolia is vastly different from 
50 years ago; hence relatively stable environmental variables such as soil type or 
aspect are unlikely to explain this change alone. Investigating the historical 
development of these patches alongside disturbance histories is likely to be more 
useful, considering the possible role of disturbance regimes in facilitating the 
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encroachment. Whilst direct causal factors cannot be deduced from such historical 
studies, they can be valuable in developing theories for further testing. 
The field of landscape ecology embraces the role of spatial heterogeneity in 
explaining ecological patterns, requires an expanded approach to the traditional 
deductive experimental approach, and explicitly considers scale. These components 
will be factored into the present study. In addition, it is argued that site land use 
history is likely to play a key role in explaining current patterns of A. longifolia in 
the Glenelg Plain bioregion. 
2.4.5 The importance of history in landscape patterns 
Whilst early landscape ecology largely focused on describing and measuring spatial 
patterns (Opdam et al. 2002), there has been a recent shift towards investigating 
processes and the drivers of spatial pattern and process (Turner 2005). A growing 
number of studies demonstrate the overriding influence of land-use history in 
explaining current ecological patterns (e.g. Motzkin et al. 1996, de Blois et al. 2002, 
Foster 2002). So-called 'landscape legacies' of past land-uses can be extremely 
persistent in their effect on present-day landscapes (Turner 2005). Under the current 
acceleration of global change, understanding the history of landscapes is critical to 
sustainable landscape management and planning (Swetnam et al. 1999, Bowman 
2002). 
Historical ecology incorporates natural and cultural history into the investigation of 
past and present landscapes (Balee 2006). The benefits of a historical approach in 
ecological applications have been recently articulated by a number of authors 
(Swetnam et al. 1999, Foster 2000, Foster 2002, Lunt and Spooner 2005). Lunt and 
Spooner (2005) recently called for greater integration of historical ecology 
principles and applications into landscape ecology research. They demonstrate using 
a number of case studies from south-eastern Australia, that in the case of fragmented 
agricultural systems, current-day patterns of vegetation are more likely to be 
explained by historical land-use decisions than by underlying environmental 
variability. If this is correct, site history becomes an important component of 
landscape research and management. Although developed more specifically for 
highly fragmented agricultural landscapes, it is possible these ideas also apply to 
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landscapes with a greater proportion of native vegetation remaining, such as the 
Glenelg Plain bioregion. 
Despite its potential to contribute to landscape studies, a common criticism of a 
historical ecology approach is the reliance on circumstantial evidence and the need 
to interpolate between gaps in the historical record. Whilst traditional scientific 
research has relied on deductive methods, historical ecology is more inductive in 
approach (Swetnam et al. 1999). All methods of historical analysis have limitations, 
including palaeoecology, analysis of historical maps, documents and air photos, and 
long-term monitoring and experiments (Swetnam et al. 1999). Furthermore, there is 
a risk in relying on a single data source as historical data sources tend to be 
vulnerable to differing interpretations (Bowman 2001, 2002). 
One of the past difficulties in native weed research in Australia has been the lack of 
substantial evidence linking disturbance history and native weed spread, and has led 
to criticism over the explanatory power of such studies (Fensham and Fairfax 2002). 
These limits must be recognised and efforts made to circumvent them where 
possible to increase the reliability of historical research. This may require novel 
approaches (Bowman 2001 ). 
To counter some of the issues relating to applied historical ecology, this study will 
use a number of methods to increase the validity of this approach. An attempt will 
be made to link histories more explicitly to specific points in time and space to 
reduce issues of circumstantial evidence (Fensham and Fairfax 2002, Lunt 2002, 
Lunt and Spooner 2005). Additionally, evidence will be gathered from more than 
one independent source to strengthen arguments which may appear insubstantial 
when based on a single data source (Swetnam et al. 1999, Bowman 2002), 
particularly where that data source is anecdotal. 
2.6 AERIAL PHOTOGRAPHY AS A SPATIO-TEMPORAL DATA 
SOURCE 
The previous sections have argued that there is a need to document and investigate 
the potential causes and longer-term outcomes of native weed encroachments in 
temperate Australia. Expansion of A. longifolia distribution is a process initiated in 
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the past, so it is preferable that it is documented and investigated from the beginning 
of the process to the present day. This will require the collection of suitable data to 
document this process. This next section will review the value of aerial photography 
as a data source for documenting A. longifolia spread in the Glenelg Plain bioregion, 
and the methods available for extracting this data. 
2.6.1 Aerial photography in Australian vegetation change 
studies 
Dramatic vegetation changes have occurred in Australia over the past 50 years, 
making aerial photography an ideal data source for documenting such changes. 
However, despite the availability of aerial photographs since the 1940s for most 
parts of Australia, their use in vegetation change studies has been limited for many 
parts of the country (Fensham and Fairfax 2002; Lunt 2002). Much scope remains 
for extracting valuable vegetation change information across large parts of Australia, 
including the numerous cases of native weed encroachments in coastal and near-
coastal regions of temperate Australia. New technological advances in digital image 
analysis can assist in the effectiveness and efficiency of such studies. 
Most vegetation change studies using aerial photography have to date been 
undertaken in northern and north-eastern Australia, typically in tropical, arid and 
semi-arid environments where they have been used with good success (e.g. 
Harrington and Sanderson 1994, Fensham and Fairfax 1996, Brown and Carter 
1998, Crowley and Garnett 1998, Fisher and Harris 1999, Herwitz et al. 2000, 
Bowman et al. 2001, Hill et al. 2001, Fensham et al. 2003, Sharp and Whittaker 
2003, Russell-Smith et al. 2004, Fensham et al. 2005, Banfai and Bowman 2006, 
Bowman and Dingle 2006, Brook and Bowman 2006). Aerial photography has been 
instrumental in quantifying a number of vegetation changes in these environments, 
including loss of native vegetation post-European settlement (Fisher and Harris 
1999), the invasion of rainforest into woodland (Harrington and Sanderson 1994; 
Hill and Smyth 2001; Russell-Smith et al. 2004), the contraction of native 
grasslands due to tree or shrub encroachment (Crowley and Garnett 1998, Bowman 
et al. 2001 ), and the changing density and cover of trees in woodland and savanna 
environments (Fensham et al. 2005, Brook and Bowman 2006). Significantly, it has 
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been equally useful in identifying where significant vegetation change has not 
occurred (e.g. Witt et al. 2006, Fensham 2008). 
Considerably fewer studies have been undertaken in temperate and southern 
Australia (Bennett 1994, Costello et al. 2000, McDougall 2003, Maron 2005, Franco 
and Morgan 2007), representing a significant gap in our understanding of medium-
term vegetation dynamics in this part of the country. Due to large scale clearing, 
intensive agriculture and closer settlement, vegetation remnants in this region of 
Australia tend to be less extensive and more fragmented that that of northern 
Australia. Unfortunately, much of the vegetation in temperate Australia was 
removed prior to the first aerial photographs being taken (Lunt 2002). Nevertheless, 
significant vegetation change has been recorded in the few studies employing aerial 
photography. 
Whilst aerial photography has been used in a number of studies to document 
vegetation change in Australia (Bowman et al. 2001, Fensham and Fairfax 2002), it 
is far less often used to explore the drivers of change (Fensham and Fairfax 2002), 
and identify direct state-transitions within a study site (although see Bowman et al. 
2001). As landscape and historical ecology move towards a focus beyond patterns 
and onto actual processes, the use of aerial photography is likely to expand. The 
value in aerial photography lies in its spatio-temporal nature, which can provide a 
more objective basis to which other historical data sources can be integrated 
(Bowman 2001). This study adopts aerial photography as the primary data source 
for quantifying spatio-temporal patterns of A. longifolia distribution in the Glenelg 
Plain bioregion. The study will also utilize aerial photography as a data source for 
reconstructing spatio-temporal disturbance histories and identifying vegetation 
change trajectories. 
2.6.2 Methods of aerial photograph analysis 
A number of methods exist for extracting useable information on vegetation features 
and patterns from aerial photographs. These fall into the categories of manual 
interpretation, digital analysis, or varying combinations of the two. 
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Manual interpretation relies on the ability of the human eye to distinguish between 
tones, textures and shapes on the photograph and relate these to meaningful 
vegetation categories on the ground. Manual interpretation can be used on both 
hardcopy and digital versions of a photograph. Vegetation classes may be mapped 
directly on to the aerial photograph itself or onto an overlying transparency. A 
stereoscope is often employed to aid manual interpretation, which adds a vertical 
dimension to the analysis. Prior to the advent of powerful personal computers, 
manual interpretation provided the only option for analysing aerial photography. 
With the increasing power of personal computers and software, digital analysis of 
aerial photographs is becoming increasingly popular. This involves using computers 
for automated or semi-automated pattern detection and analysis. Digital analysis 
provides the potential for full spatial coverage using more standard methods than is 
achievable using manual interpretation. Recent technological advances have meant 
that there is potential to analyse aerial photographs in a similar manner to automated 
analysis of satellite images i.e. using digital classification algorithms. Such methods 
offer the possibility of more rapid and automated extraction of data from imagery. 
However, these methods are not without their limits, and so far appear best suited to 
smaller study sites (Fensham and Fairfax 2002). 
Neither manual nor automated analysis of aerial photography appears to be 
consistently better for all ecological studies. The most appropriate method depends 
largely on the study aims, resource availability, and the skills of the analyst. Where 
key land cover categories are spectrally distinct and sites are relatively small 
(covered by one or two photographs), automated digital analysis has distinct 
advantages over traditional manual techniques in terms of analysis time and 
repeatability (Kadmon and Harari-Kremer 1999). This study will primarily use 
digital image analysis to map A. longifolia distribution. 
2. 7 SUMMARY AND RESEARCH DIRECTION 
Regardless of debates over the terminology and categorisation of native weeds, it is 
evident that recorded impacts and widespread management concern warrant further 
investigation into the dynamics of these species and appropriate management 
responses. It is important to avoid dismissing a potentially devastating threat to 
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biodiversity due to a lack of appreciation of the threat. On the other hand it is also 
important to avoid causing unnecessary damage through a misinformed management 
response. To date, examples of both can be found in Australia, and the current lack 
of understanding of these range expansions makes it difficult to confidently avoid 
either situation. 
This thesis will take a historical landscape ecology approach to investigate the 
pattern and process of A. longifolia encroachment in the Glenelg Plain bioregion. A. 
longifolia is one of the more frequently reported species acting as a native weed in 
temperate Australia, yet there is little quantitative evidence, and a limited 
understanding of the processes and longer-term outcomes of encroachment. This has 
severely affected the ability of managers to strategically manage the species, which 
has on occasion resulted in significant biodiversity impacts. 
The current study will build on previous research by Emeny (2002) that mapped the 
current regional distribution of A. longifolia in south-west Victoria. As the current 
extent of A. longifolia in the region is believed to be the result of recent spread of the 
species, an understanding of the history of the development of these patterns will be 
the focus of the study. This will include documenting spatio-temporal changes in A. 
longifolia across a range of traditional and non-traditional habitat (Chapter 4), 
investigating the role of disturbance history in explaining A. longifolia patterns 
(Chapter 5), and examining the permanency and key pathways of A. longifolia 
encroachment (Chapter 6). Whilst a number of potential methods exist for 
investigating historical vegetation change, a combination of aerial photographs and 
historical data sources were chosen for this purpose. Aerial photographs provide the 
spatio-temporal basis for mapping change in A. longifolia distribution and 
contributing to development of historical disturbance histories. In the absence of 
long-term monitoring sites, they are also the only available data source suitable for 
identifying longer-term vegetation state-transitions in the study area at the scale 
required. 
There are recognised limitations in using historical data sources to investigate 
vegetation change. A previous impediment to understanding the process and causes 
of A. longifolia encroachment has been reliance on circumstantial evidence from 
single sites. Whilst a historical understanding seems pertinent considering the likely 
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role of disturbance histories, this history needs to be linked more explicitly to the 
dynamics of the encroaching species. In this study, an approach will be employed 
whereby spatial patterns of A. longifolia are investigated across different sites in 
relation to spatially and temporally heterogeneous disturbance histories. 
Understanding the role of land management history in explaining current regional-
scale patterns of A. longifolia distribution will form an integral part of the research. 
In order to reduce some of the issues associated with compiling disturbance histories 
in retrospect, a combination of aerial photographs and other historical sources will 
be used, and multiple lines of evidence employed where possible to strengthen 
conclusions. 
Since the Glenelg Plain bioregion contains one of the oldest and most extensive 
examples of A. longifolia encroachment in Australia, it provides an ideal opportunity 
to study native weed populations of the species. The following chapter will present 
the biological and physical context of the study area and current understanding of A. 
longif olia in the region. 
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Chapter 3. Study Area Description 
3.1 INTRODUCTION 
In Chapter 2, the issue of native weed encroachment in temperate Australia was 
reviewed. A. longifolia was identified as one such native weed. Despite its 
prevalence, documentation of the spread of A. longifolia is limited, and much 
remains unknown regarding its range expansion. It was identified that a historical 
landscape approach would be useful in increasing our understanding of weedy 
populations of A. longifolia in temperate Australia. 
The study area selected for this thesis falls within the Glenelg Plain bioregion in 
Victoria, Australia. This region represents one of the most extensive inland 
populations of A. longifolia in Australia, though the apparent spread of the species 
has never been quantified. The aim of this chapter is to introduce the study area and 
provide a background to subsequent chapters. The study area will be described in 
terms of its environmental and social characteristics, biodiversity value, and the 
occurrence of A. longifolia in the area. It will be demonstrated that due to the 
regional-scale patchiness of A. longifolia populations and the variable regional 
environment, the study is highly suitable for documenting the spread of A. longifolia 
and for identifying potential causes of its range expansion. 
3.2 THE GLENELG PLAIN BIOREGION 
Bioregions (or ·ecoregions') have emerged globally as a means for delineating 
natural regional boundaries as opposed to political ones (Tonn et al. 2006), and form 
a basic management unit for regional conservation planning (Dale et al. 2006). In 
1995, Australia was divided into 85 distinct 'bioregions' during the Interim 
Biogeographic Regionalisation of Australia (IBRA) process (Thackway and 
Cresswell 1995). Bioregions were separated based on factors such as climate, 
lithology, geology, landform and vegetation. 
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The Glenelg Plain bioregion represents a sub-region of the Naracoorte Coastal Plain 
bioregion (Thackway and Cresswell 1995) (Figure 3.1). Effectively, it is the 
Victorian section of this bioregion, and is often used in Victorian biodiversity 
assessments (e.g. Department of Natural Resources and Environment 1997a, 
Commonwealth of Australia 2001). 
3.2.1 Location and description of the study area 
The study area represents the southernmost section of the Glenelg Plain bioregion 
(Figure 3.1 ). The northern and eastern limits of the study area match the area 
mapped by Emeny (2002). This area enclosed the majority of A. longifolia cover at 
that time. Whilst the Victorian Volcanic Plain and W arrnambool Plain bioregion 
also intersect the bounding area of the study, only the Glenelg Plain is considered. 
3.3 ENVIRONMENTAL AND SOCIAL CHARACTERISTICS 
3.3.1 Climate and topography 
The climate of the study area is classified broadly under the updated Koppen 
Climate System as Warm Temperate (Kottek et al. 2006). It is characterised by 
warm, dry summers and mild wet winters. Average annual rainfall at the Portland 
Airport weather station is 836 mm, the largest volume of rainfall falling in the 
winter months of June to August (Bureau of Meteorology 2007). Average monthly 
maximum temperatures range from 13.6°C in July to 21.9°C in February (Bureau of 
Meteorology 2007). 
Topography of the area is relatively flat, with elevations ranging from sea level to a 
highest point of 230 m ASL at Mount Richmond (Figure 3.2). A fault line running 
north to south down the centre of the study area separates the low-lying limestone 
areas of the study area from the Victorian Volcanic Plain to the east. The Glenelg 
River is the most substantial waterway in the area. Smaller rivers include sections of 
the Fitzroy and Surrey. Extensive swamps known collectively as 'Long Swamp' run 
parallel to the coast at Discovery Bay. 
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Figure 3.1 Location of the Glenelg Plain bioregion and the area covered by this study. 
Source: Created by author using data obtained from the Department of Sustainability and 
Environment Corporate Geospatial Data Library (Department of Sustainability and Environment 
2004). 
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Figure 3.2 Features of the study area. Topography is relatively flat, with the highest 
elevation of 230 m at Mount Richmond. 
Source: Created by author using data obtained from the Department of Sustainability and 
Environment Corporate Geospatial Data Library (Department of Sustainability and Environment 
2004). 
3.3.2 Geology and soils 
The geology of the study area is characterised by sedimentary deposits from the 
Tertiary and Quaternary period. Figure 3 .3 shows the eight broad soil types 
occurring within the study area. Near the coast along Discovery Bay, a narrow 
coastal plain forms a barrier between the ocean and inland lagoon systems. Siliceous 
sands in the dune areas overly calcareous deposits, with clays and peat in the lagoon 
system (Department of Natural Resources and Environment 1997b). The southern 
and western parts of the study area form a series of narrow limestone ridges running 
parallel to the present coastline (Department of Natural Resources and Environment 
1997b). 
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Source: Created by author using data obtained from the Department of Sustainability and 
Environment Corporate Geospatial Data Library (Department of Sustainability and Environment 
2004). 
3.3.3 Current land use and management 
A variety ofland uses exist within the study area (lerodiaconou 2004). More than 
three quarters of the region has been cleared of native vegetation since European 
settlement (Glenelg Hopkins Catchment Management Authority 2004). Cleared 
areas are used primarily for agriculture, the main enterprise being intensive grazing 
by sheep and cattle. Forested areas include native vegetation and exotic softwood 
plantations. Exotic plantations include Radiata Pine (Pinus radiata) and more 
recently, Bluegum (Eucalyptus globulus). The largest urban settlement in the region 
is at Portland, with a population of approximately 10 000 people (2006 National 
Census Data, http://www.censusdata.abs.gov.au). The fringes of this township fall 
within the study area boundary. Smaller townships in the study area include 
Heywood and Nelson (Figure 3.3). 
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Management of native vegetation in the region varies in the level of conservation 
focus. The highest level of protection is afforded to the Lower Glenelg and Mount 
Richmond National Parks, which together make up a large component of native 
vegetation in the region (Figure 3.4). State Forest is also extensive in the study area, 
including parts of the Cobboboonee, Rennick and Annya State Forests. Here, a 
combination of resource exploitation (primarily logging) and conservation is carried 
out. Other reserves where conservation is the primary focus include the Discovery 
Bay Coastal Park, Cape Nelson State Park, Bats Ridge Flora and Fauna Reserve, and 
a number of other smaller parks and reserves. A small amount of native vegetation 
also exists on private land throughout the study area. 
Rennick 
..-State Forest 
Land Manager 
Private ownership 
DSE, Forests Directorate 
• Parks Victoria 
Victorian Plantations Corporation 
~: ::·:.-·.-:j Outside of study area N 
i 
5 2.5 O 5 Kilometers 
••a•-=••• 
Land Management 
Figure 3. 4 Management context of the study area. Land managed by Parks Victoria is 
managed primarily for conservation purposes, with National Parks being afforded the 
highest level of protection. Forest managed by the Department of Sustainability and 
Environment (DSE) is mixed use, with some level of conservation. Land managed by the 
Victorian Plantations Corporation is primarily used for softwood plantations, and freehold 
land generally for-primary production. 
Source: Created by author using data obtained from the Department of Sustainability and 
Environment Corporate Geospatial Data Library (Department of Sustainability and Environment 
2004). 
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3.3.4 Native vegetation 
A range of vegetation communities occur within the study area (Figure 3.5). On 
sandy soils near the coast is the broad vegetation type Coastal Scrubs, Grasslands 
and Woodlands. Extensive sand dunes naturally without vegetation also occur along 
the coastline of Discovery Bay. Immediately behind the sand dunes of the Discovery 
Bay area are a series of deep freshwater marshes dominated by reeds and aquatic 
herbs. Further inland, vegetation is dominated by Herb-rich Woodlands, Heathy 
Woodlands and Heathland vegetation. The once-extensive Herb-rich Woodlands 
were targeted in early clearing; however, remnants still exist throughout the present 
landscape (Figure 3.5). Vegetation communities naturally more limited in extent 
include creekline and riparian vegetation communities, limited to riverside 
environments. 
These broad vegetation types can further be divided into smaller 'Ecological 
Vegetation Classes' (EVCs) (NRE 1998). EVCs were defined during the Regional 
Forestry Agreement process (VicRFASC 1996). This process was instigated by 
Australian State and Federal governments to assess the status of remaining Old 
Growth Forests, following concern over ongoing exploitation and degradation of 
forest resources. EVCs have been adopted as the basic unit for vegetation 
management in Victoria (Department of Natural Resources and Environment 
1997b). Fifty five EVCs have been identified within the study area. EVCs occurring 
within the study sites are listed in Chapters 4 and 5 and described in Appendix 1. 
3.3.5 Human history 
The study area has a long history of human occupation and exploitation, including 
more than 10 000 years of Aboriginal land use and close to 200 years of European 
land use (Glenelg Hopkins Catchment Management Authority 2000, Parks Victoria 
2004). The Aboriginal people of the study area and surrounding region formed semi-
permanent settlements due to the relatively predictable food supplies (Department of 
Natural Resources and Environment 1997a). Much of the activity of the Aboriginal 
people focused on the coastal area, and extensive cultural sites can still be located 
along the coastline (Parks Victoria 2004). Archaeological evidence from the area 
suggests that these people used low-intensity, frequent fire as a tool for managing 
food resources (Head 1983, Lourandos 1983, Head 1988). Such burning is believed 
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to have had an influence on vegetation structure and composition in the region 
(Head 1983). 
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Figure 3.5 Broad vegetation types within the study area, from a) estimated pre-1750 
vegetation communities, and b) present vegetation communities. 
Source: Map created by author using data obtained from the Department of Sustainability and 
Environment Corporate Geospatial Data Library (Department of Sustainability and Environment 
2004). 
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Portland was the first permanent European settlement in Victoria, settled in 1834 
(Learmonth 1934). During early settlement, agricultural activities were generally 
confined to the coast before expansive grasslands were discovered inland, beyond 
the present study area (Department of Natural Resources and Environment 1997a). 
Early agricultural activity comprised extensive grazing properties (Bureau of Census 
and Statistics 1973, Glenelg Hopkins Catchment Management Authority 2000). 
Intensification and closer settlement took place in the late 1800s to early 1900s 
(Bureau of Census and Statistics 1973, Glenelg Hopkins Catchment Management 
Authority 2000). Since that time, considerable resource exploitation has taken place. 
Much of the region was cleared of vegetation and utilised for agriculture or forestry 
purposes. Extensive pine plantations were established from the 1930s and bluegum 
plantations since the 1990s. A substantial proportion of remaining native vegetation 
has a history of selective logging and grazing, and rotational logging continues in 
the State Forests of the study area. Recreational use of areas of native vegetation is 
also high in some areas, particularly sites close to the Glenelg River. However, there 
are few permanent settlements in the area beyond Portland, which remains relatively 
sparsely populated. 
3.4 BIODIVERSITY VALUES 
The biodiversity values and vulnerability of the Glenelg Plain landscape are 
recognised from the local to global scale. At the local to regional level, the study 
area contains a higher proportion of native vegetation than other parts of western 
Victoria that have been extensively cleared for agriculture (Glenelg Hopkins 
Catchment Management Authority 2004). The location of native vegetation also has 
strategic importance in a proposed biodiversity corridor between inland tracts of 
vegetation and the sea in western Victoria (known as the 'Habitat 141' initiative). A 
disproportionate number of threatened fauna species in the state of Victoria (30%) 
have been recorded within the study area (Parks Victoria 2000b ). 
At the national level, the study area is within one of fifteen nationally recognised 
'biodiversity hotspots'. These hotspots were identified on the basis of high species 
richness (including high endemism) and immediate threat from a range of factors 
(http:; ~V\' ~·,v._~!1_ vir:om1_1ent.gQv ,__~m/Q!Q_d!'v_§~ ll!J-YLl!Q1§.p_QJ~jjnd~2'c-h!!!!l ). 
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At the global level, Olson and Dinerstein (2002) list the Glenelg Plains bioregion 
area in a 'Global 200' of priority ecoregions worldwide. Such ecoregions were 
classed as exhibiting biodiversity values that are 'outstanding or significant on a 
global scale'. In a global study identifying ecoregions at most risk of extinction, 
Hoekstra et al. (2005) identified the ecoregion incorporating the study area as a 
'crisis' ecoregion that is considered 'critical'. 
The existence of a 'cross-over' or transition zone between temperate vegetation of 
eastern Australia and Mediterranean communities of the west increases the global 
significance of the study area. The Lower Glenelg National Park alone contains 
more than 600 native plants and 257 higher fauna species as a result of this 
interchange zone (Parks Victoria 2000a). Such transition zones are becoming 
recognised globally as important sites for biodiversity conservation, due to their 
increased species richness and a higher proportion of rare species (Spector 2002, 
Danby 2003, Kark et al. 2007). Transition zones are also particularly important as 
they help conserve hotspots of evolutionary processes (Spector 2002). Spector 
(2002) recommends that these sites be given conservation priority alongside existing 
global biodiversity hotspots. 
3.5 DISTRIBUTION OF A. LONG/FOL/A 
Anecdotal evidence suggests that A. longifolia was restricted to a narrow coastal 
habitat at the time of European settlement and has spread rapidly in the past 50 years 
into inland vegetation communities (Baldock et al. 1995a). The actual spread of the 
species has never been quantitatively documented, resulting in local debate over the 
extent of range expansion. However, the current distribution of A. longifolia has 
been mapped by Emeny (2002), (Figure 3.6), and reveals that the species is now 
present in at least 11 000 ha of vegetation. This would suggest a significant 
expansion in range. Anecdotal evidence suggests that before the 1960s, there was 
less than 100 ha occupied by the species in the Lower Glenelg National Park. In 
2002, Emeny et al. (2006) mapped approximately 2 000 ha of A. longifolia in the 
same park. The species is currently so widespread it is present in virtually all parks 
and reserves in the area, and is particularly concentrated on roadsides (Figure 3.7) 
(Emeny et al. 2006). A. longifolia can also be observed growing vigorously on sites 
recently cleared of Pinus radiata (Figure 3.8). 
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Figure 3. 6 Distribution of A. longifolia in the study area. 
Source: Modified from Emeny (2002). 
Species currently threatened by expanding A. longifolia populations in the study area 
include the Heath Mouse (Pseudomys shortridgei) (Mitchell 2007), Mellblom's 
Spider Orchid (Caladenia hastata) (Fisher 1994, McMahon et al. 1994, Todd 2000), 
and Limestone Caladenia (Caladenia calcicola) (Beecham and Fisher 2003). Emeny 
et al. (2006) found the highest occurrence of A. longifolia in the Lower Glenelg 
National Park was in the regionally threatened Herb-rich Woodland EVC. 
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a) 
b) 
Figure 3. 7 A. longifolia dominating roadside vegetation in a) a coastal heathland, and b) 
the understorey of Damp-sands Herb-rich Woodland 
Source: Photographs taken by author, a) September 2007, b) August 2004 
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Figure 3.8 A. longifolia in a recently re-established Pinus radiata plantation in the Glenelg 
Plain bioregion. 
Source: Photograph taken by author, September 2005. 
A more detailed examination of the distribution of A. longifolia in Figure 3.6 shows 
that whilst the species is widespread across the study area, there are also areas of 
concentration. These occur largely close to the coast, and within conservation areas 
managed by Parks Victoria. This 'clumping' of populations alongside areas largely 
free of A. longifolia would suggest that there are areas of habitat suitability and 
unsuitability. Investigating these areas would increase our understanding of what is 
driving the apparent change in distribution of A. longifolia. This observation forms 
the basis of investigation of A. longifolia distribution in this thesis. 
3.6 CONCLUSION 
The environment and human history of the study area is variable across time and 
space. The area is geographically complex and high in biological diversity due to the 
interchange of western Mediterranean environments and eastern temperate 
environments. Human history includes a long period of Aboriginal land use and a 
more recent, but arguably more biologically destructive period of European land 
use. Both are likely to have shaped present biological communities in the study area. 
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Whether such changes in land management have influenced the distribution of A. 
longifolia in the study area will be investigated in this thesis. 
A. longifolia is currently extensive in the region, yet anecdotal evidence suggests 
this was not always the case. Clumping of current A. longifolia populations suggests 
that some conditions are more suitable for establishment than others. This 
combination of spatial patterning of A. longifolia and variable environmental and 
land use history conditions makes the study area ideal for examining the spatio-
temporal distribution of the species and investigating its causes. The measured 
impacts of A. longifolia encroachments alongside the globally significant 
biodiversity values of the study area contribute to the urgency of this investigation. 
In the next chapter, the change in distribution of A. longifolia over the past five 
decades will be documented to confirm the existence and characteristics of range 
expansion. Current clumping of A. longifolia at the regional level will form the 
target of this investigation. 
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Chapter 4. Pattern of A. longifolia spread in the 
Glenelg Plain Bioregion 
4.1 INTRODUCTION 
The basis for understanding the dynamics of weed populations, whether native or 
exotic is to quantify changes in its pattern of occurrence over time. Documenting 
detrimental vegetation change is the first step towards its strategic management. 
Anecdotal evidence suggests that initial changes in A. longifolia distribution in the 
Glenelg Plain bioregion may date back to the rnid-1900s, which is earlier than most 
reported range expansions of the species in temperate Australia. Quantifying the 
spatio-temporal distribution of A. longifolia can confirm to regional managers 
whether this change has taken place and in what timeframe, and indicate the nature 
of change over this period. 
In this chapter, the nature of vegetation change at sites currently occupied by A. 
longifolia in the Glenelg Plain bioregion is quantified using digital aerial photograph 
analysis. Both overall change and change within traditional and non-traditional 
habitat of the species are considered. Results obtained in this chapter also form the 
foundation for investigating trajectories of change and factors associated with A. 
longifolia distribution in Chapters 5 and 6. 
4.2 BACKGROUND 
Acacia longifolia is one of a number of native shrub species in temperate Australia 
which have recently increased in range and cover to the apparent detriment of 
indigenous vegetation communities (e.g. Molnar et al. 1989, Bennett 1994, Singer 
and Burgman 1999, Costello et al. 2000, Franco and Morgan 2007). Whilst the 
species is known to be invasive well outside its range in Australian and overseas 
(Groves 2001, Randall 2002) most weedy populations in Australia are within the 
species' original biogeographical region (Cohen 1981, McMahon et al. 1994, 
Costello et al. 2000, Coutts 2001, Emeny et al. 2006). Previously associated with the 
vegetation community now known in Victoria as Coastal Dune Scrubs and with 
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occasional occurrence in communities such as Coastal Alkaline Scrub and Coastal 
Headland Scrub (Galbraith 1960, Specht 1972, Willis 1972, Walsh and Entwisel 
1999, Commonwealth and Victorian RFA Steering Committee 2000, Costermans 
2000, Anon. 2005), A. longifolia now occurs in heathland, grassland and woodland 
communities across south-eastern Australia (McMahon et al. 1994, Wark 1999, 
Costello et al. 2000, Emeny et al. 2006, Davis et al. 2008). Although the impact of 
A. longifolia has been explored at a number of sites (McMahon et al. 1994, Clay and 
Schneider 2000, Costello et al. 2000, Mitchell 2007), relatively little is known about 
the population dynamics of the species and what drives or inhibits range expansions 
(Cohen 1981, McMahon et al. 1994, Costello et al. 2000). 
One of the most extensive examples of A. longifolia occurrence within Australia is 
in south-west Victoria. Here the current extent of the species has been estimated at 
greater than 11 000 ha and 12% of regional native vegetation (Emeny et al. 2006), 
most of which is in the Glenelg Plain bioregion. It is believed that prior to European 
settlement the species was strictly confined to a narrow coastal strip, and has only 
spread inland in recent decades (Huebner 1993, Baldock et al. 1995a). Anecdotal 
evidence suggests that prior to 1970 the species covered less than 600 ha of non-
dune vegetation (Huebner 1993, Baldock et al. 1995a). If so, it follows that A. 
longifolia has expanded its range considerably over the past 40 to 50 years. Until 
now, there has been no quantitative evidence confirming the magnitude, pattern, rate 
and nature of change which has occurred, or if indeed the species has only recently 
shifted into non-traditional vegetation communities. Defining the past and present 
distribution patterns of A. longifolia is a first step towards making sound 
management decisions. There is also some anecdotal concern that the species is 
exhibiting 'weedy' behaviour within typical vegetation communities along the coast 
(Parks Victoria 2004, Anon. 2005), though this has not been confirmed. The size 
and variation in habitats within the region make it ideal for studying the spatio-
temporal dynamics of A. longifolia, both within and beyond traditional habitat types 
(Chapter 3). 
The current regional-scale distribution of A. longifolia in south-west Victoria has 
been mapped by Emeny (2002) using Landsat satellite imagery at a ground 
resolution of 30 m and an estimated overall accuracy of 81 %. Whilst this gives a 
snapshot of the current broad distribution pattern of the species, it doesn't provide 
55 
any information on the history of distribution change. Quantifying temporal patterns 
is a crucial step in understanding weed dynamics. 
One possibility for acquiring this information would be to retrospectively map the 
species from the same imagery used in Emeny (2002). However, although Landsat 
imagery has been shown to successfully map A. longifolia in the past (Race and 
Rollings 1992, Emeny et al. 2006), image availability only dates back to 1984 for 30 
m resolution data and 1972 for 80 m resolution data (Jensen 2005). Since local 
knowledge suggests that initial changes in the species distribution may pre-date 
1970 (Cohen 1981, Baldock et al. 1995a), this data source would not capture the 
whole time frame of interest. Additionally, a resolution of 30 m or 80 m would not 
capture the spatial arrangement and dynamics of the species at the individual plant 
level, which provides the resolution necessary for analysing population dynamics. 
Whilst the oldest satellite imagery available for Australia is from the 1970s, aerial 
photography is available as far back as the 1940s or 1950s for many areas (Fensham 
and Fairfax 2002). Prior to digital image processing, the area and time increments 
over which vegetation change could be measured was limited by manual techniques. 
Recent advances in digital analysis provide the potential for more automated 
mapping (Kadmon and Harari-Kremer 1999). This chapter aims to quantify the 
spatio-temporal change in A. longifolia distribution in the Glenelg Plain bioregion 
over the past 55 years using digital analysis of aerial photography. Whilst mapping 
by Emeny (2002) quantified current regional-scale distribution of the species at a 
coarse resolution, this study focuses on the finer temporal patterns of A. longifolia at 
the local scale. Change in A. longifolia distribution is considered in terms of 
geographic range, cover, pattern, and rate. In addition to gaining a broad 
understanding of patterns of A. longifolia distribution over time and space in the 
study area, there are a number of specific questions of ecological and management 
interest. These include: 
1 Has A. longifolia actually spread inland from coastal dune habitats within the 
past 55 years, or is this just a perception? 
2 Is there quantitative evidence that A. longifolia has increased in spatial cover 
over this time period? 
3 Has change in A. longifolia cover occurred in both non-traditional and 
traditional vegetation communities? 
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4.3 METHOD 
4.3.1 Selection of study sites 
The extent of the study area and reasons for selection are outlined in Chapter 3. The 
entire region could not be mapped due to time and cost constraints, data availability 
and sites unsuitable for mapping A. longifolia from aerial photography, such as 
heavily wooded environments. Instead, a number of local-scale study sites of 
approximately 1 krn2 to 2krn2 were selected within the study area. Sites were chosen 
where A. longifolia is currently present. Site selection criteria included: 
• A. longifolia cover visible at the 'regional' scale (1:500 000 viewing scale of 
30 m resolution presence/absence data); 
• Native vegetation was the major land cover in 2002; 
• Sites incorporate at least two geographically separated (>5krn) examples of 
the three vegetation communities of interest i.e. 1) ecological vegetation 
classes in which A. longifolia is a typical, dominant member (Coastal Dune 
Scrub), 2) classes in which A. longifolia is known to occur but is typically a 
minor species (e.g. Calcarenite Dune Woodland), and 3) classes in which A. 
longifolia is not a typical species (e.g. Sand Heathland, Damp Sands Herb-
rich Woodland). A single site may contain more than one vegetation 
category; 
• A range of distances from the coast inland are covered; and, 
• A. longifolia presence and absence must be distinguishable from aerial 
photography i.e. is not covered by a dense overstorey. 
Although the last criterion limits the study sites to those in which A. longifolia is in 
the overstorey (i.e. grassland, heathland or shrubland community) or amongst sparse 
woodland vegetation, field observation suggested that such vegetation types tended 
to be the primary sites in which A. longifolia formed the more substantial weedy 
populations, and are therefore visible at the regional scale. Another desirable 
characteristic was for sites to be recognisable in the literature and/or historic 
photographs to aid in collecting site-specific information for the accuracy 
assessment (section 4.3.3) and reconstruction of disturbance histories in Chapter 5. 
Seven sites meeting these criteria are shown in Table 4.1 and Figure 4.1. They cover 
a total of 1 651 ha (once unmappable areas were excluded), spanning a range of 
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geographic locations and site conditions. Sites averaged 235 ha in size, although 
there was variation between sites. This variation was due to different sizes of the 
target vegetation patches, and reductions in area following exclusion of non-relevant 
land covers such as water. The Bulley Ranges site (NT-BULLEY) for example, was 
close to 700 ha. This site has in the past represented the largest contiguous patch of 
A. longifolia in the inland environment. It was decided that it would be considered as 
a whole as it would be difficult to attribute historical references to specific sections 
of the site. The other non-traditional site (NT-FLAT) was actually smaller in area 
that all other sites (less than 100 ha) due to the need to exclude dense woodland 
from which A. longifolia could not be reliably distinguished. Whilst Figure 4.1 
indicates other areas within the study region which contain A. longifolia, these occur 
primarily in woodland environments where mapping of A. longifolia was difficult 
due to the effects of shadowing. 
Table 4.1 Study sites selected for mapping A. longifolia from aerial photography. 
Sites covered a range of traditional and non-traditional vegetation types and varying 
distances from the coast. 
Site Proximity Primary Site name* Local description Primary vegetation types 
No. to coast vegetation 
cate or 
< lkm Traditional T-MOUTH Discovery Bay Coastal Coastal Dune Scrub, 
Park - Bird Sanctuary Coastal Alkaline Scrub 
at Glenelg River Mouth 
2 < lkm Traditional T-BAY Discovery Bay Coastal Coastal Dune Scrub, 
Park, Nobbles Rocks Coastal Alkaline Scrub 
area 
3 3km Traditional and M-NELSON Forest Park, Nelson Coastal Alkaline Scrub, 
non-traditional Damp Sands Herb-rich Woodland 
4 <lkm Traditional and M-CAPE Cape Nelson Coastal Mallee Scrub, 
non-traditional Sand Heathland, 
Coastal Headland Scrub 
5 <lkm Traditional and M-DEANS Deans Heath /Cape Coastal Sand Heathland, Heathy 
non-traditional Grant Woodland/ Damp Heathy 
Woodland/Damp Heathland mosaic, 
Coastal Headland Scrub 
6 5km Non-traditional NT- Bulley Ranges Damp Sands Herb-rich Woodland 
BULLEY Damp Sands Herb-rich Woodland/ 
Heathy Woodland/ Sand Heathland 
mosaic 
7 IO km Non-traditional NT-FLAT Woody Flat Damp Sands Herb-rich Woodland, 
including an open area of native 
grassland 
* T=traditional, M=mixed (traditional and non-traditional), NT=non-traditional vegetation categories. 
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Figure 4.1 Extent of the region mapped by Emeny (2002) showing the study sites mapped 
in the present study: 1) T-MOUTH, 2) T-BAY, 3) M-NELSON, 4) M-CAPE, 5) M-
DEANS, 6) NT-BULLEY, and 7) NT-FLAT. Native vegetation in the region is shown in 
light grey, and A. longifolia distribution as mapped by Emeny shown in black. Note A. 
longifolia cover is overestimated at site M-CAPE due to the vegetation being of similar 
characteristics to A. longifolia shrubland. 
Two of the sites represent vegetation communities in which A. longifolia is 
considered a traditional or typical component (coded 'T'), including vegetation 
communities in which A. longifolia is usually dominant, and those in which it is 
usually a minor species. Sites typical of A. longifolia presence were determined 
using the Commonwealth and Victorian RF A Steering Committee (2000) document 
and other relevant references where necessary (i.e. Anon. 2005). Three sites 
contained a mix of vegetation communities in which A. longifolia is typical and 
those in which it is not (coded 'M'), and two sites represented vegetation 
communities in which A. longifolia is not traditionally expected to be found (coded 
'NT')(Table 4.1 ). Sites were situated at distances ranging from less than lkm from 
the coast to 1 Okm. This range of distances incorporates most A. longifolia cover in 
the region. Although some A. longifolia is present in areas further than 1 Okm inland, 
there were no suitable sites greater than 1 Okm inland which met site selection 
criteria. 
59 
A number of the chosen sites have been the focus of local concern regarding recent 
changes in A. longifolia density e.g. Bulley Ranges (NT-BULLEY), Woody Flat 
(NT-FLAT), and Deans Heath (M-DEANS) (McMahon et al. 1994, Baldock et al. 
1995a, Hill 2005). The M-DEANS site has been the location of most A. longifolia 
research within the region (e.g. McMahon et al. 1994, Clay and Schneider 2000, Hill 
2005, Mitchell 2007, Mitchell and Wilson 2007). Site T-BAY is close to the sites 
studied by Head (1983, 1988), who reconstructed pre-European vegetation 
composition in the region using pollen counts from swamp cores. All of the sites 
have significant social and environmental values. 
4.3.2 Mapping the spatio-temporal distribution of A. longifolia 
using aerial photographs 
Mapping of A. longifolia and other major land cover categories from aerial 
photographs involved three key steps: 1) image selection and pre-processing, 2) 
digital image classification and 3) and accuracy assessment of classification results. 
Image selection and pre-processing 
Selection of aerial photography for mapping vegetation change was based on 
availability and a scale suitable for detecting individual A. longifolia plants (i.e. at 
least 1 :25 000 scale or larger). Aerial photographs were generally available from the 
period 1947 through to 2002, including 1947, 1967, 1972, 1981, 1986, 1992 and 
2002. Details of the photographs are shown in Table 4.2. Photographs for all seven 
time increments were obtained for most sites, however at sites M-CAPE and M-
DEANS the 1972 photographs were unavailable, as was the 1981 photograph at T-
BAY. Where possible, photographs were chosen where the study site of interest was 
closest to the centre of the photograph to minimize radiometric distortions which 
occur towards photograph edges. 
Table 4.2 Details of aerial photographs used in vegetation mapping at the seven study sites. 
Date (month/year) Film type Scale 
01-02/1947 Black and white 1:15 840 
01/1967 Black and white 1:20 000 
12/1972 Black and white 1:25 000 
09/1981 Black and white 1:25 000 
02/1986 Black and white 1:25 000 
01/1992 Colour 1:25 000 
01/2002 Colour 1:25 000 
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In order to digitally analyse photographs, they were scanned to digital format using a 
standard A3 desktop scanner at a resolution of 600dpi. This resolution allowed for 
identification of individual A. longifolia plants whilst keeping file sizes manageable. 
The 2002 photographs were orthorectified in ER Mapper 6.3 (Earth Resource 
Mapping 2002) using camera calibration information and a 5 rn Digital Elevation 
Model (DEM). The base image was a recent ortho-photo mosaic covering the entire 
region. Orthorectification is the most accurate method of image registration as it 
corrects for terrain and sensor distortions as well as aircraft tilt (Jensen 2005). 
Between six and ten ground control points (GCPs) were used per photo, and average 
RMS (root mean square) errors were kept to less than 1 rn. 
As camera calibration information was not available for the earlier photographs, 
image to image rectification was used to georeference them to the 2002 orthophotos. 
To help reduce inaccuracies resulting from increased spatial distortions towards 
photo edges, photos were clipped to exclude any unnecessary areas towards the 
edges. At least twenty GCPs (ground control points) were used per photograph, 
spread across the image to improve rectification results. A quadratic transformation 
was used. Average RMS errors were in the range of 1.4 rn and 2.3 m per 
photograph. Image to image rectification was undertaken in the Smart Image 
Extension for Arc View 3.3 (Mapping and Beyond 2000). 
As aerial photographs were acquired at different scales, all images were resampled 
to a common resolution of 1.1 m. This was the minimum photo resolution possible 
at the scale acquired and scanning resolution. Each photo was clipped to the study 
site of interest. Image to image histogram matching was undertaken in ER Mapper 
to correct for radiometric differences. This aided visual comparison and analysis of 
time series aerial photographs. 
Classification methods 
Extraction of land cover information from the aerial photographs was undertaken 
using digital image classification techniques in ER Mapper (Earth Resource 
Mapping 2002). Digital classification techniques involve computer assisted 
classification of images into distinct land cover categories. These included 
unsupervised methods for exploring potential land cover classes within images, and 
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supervised classification for the final separation into land cover categories. Aerial 
photographs were classified separately by site and year. This increased analysis 
effort, however the aim was to reduce mis-classification errors which can occur 
when mapping across geographically and temporally separated scenes. Separation of 
classifications also reduces issues associated with radiometric calibration between 
scenes (Coppin et al. 2004 ). Vegetation categories of interest included A. longifolia 
dominated vegetation and other broad land cover categories. 
Unsupervised classification involves computerised clustering of pixels (picture 
elements) based on their statistical similarity in spectral space without any a priori 
information on land categories provided by the analyst. It is often used as a 
preliminary assessment tool prior to the more powerful supervised methods to 
identify land-cover categories which are spectrally separable. For historical 
photographs, it is also useful for identifying homogenous areas of land cover for use 
as training areas. 
An unsupervised classification was carried out for each scene and each time period. 
It revealed that broad vegetation/land cover categories could be located between 
temporal scenes of the same site, however some vegetation categories varied 
between sites. For example, whilst coastal areas tended to contain dune shrubs as the 
highest structural form of spectrally-distinct vegetation cover; for inland vegetation 
communities this was woodland vegetation. Likewise, some sites had grassy 
vegetation as the primary low ground cover layer, whilst others had low heathland 
vegetation. As such, it was decided that individual sites be classified according to 
vegetation classes present, then later merged into a common set of broad structural 
vegetation categories across all sites in the region to allow for comparison (Table 
4.3). These broad categories were bare, low ground cover, A. longifolia- dominated 
and other woody vegetation. Figure 4.2 indicates examples of each broad vegetation 
category on the ground, including some of the sub-categories within each. 
Supervised classification involves the analyst choosing a priori which land cover 
categories will be mapped in an image. Representative clusters of pixels for each are 
then selected and used to train the computer algorithm to recognise similar pixels in 
the same image. The algorithm then categorises every pixel in the image into one of 
the pre-defined classes (Jensen 2005). 
62 
Table 4.3 Land cover categories used in the image classification. Classification at the site 
level used sub-categories depending on vegetation cover present. Sub-categories were then 
merged into the four primary categories prior to further analysis. 
Classification Sub-category 
Bare Bare 
Low ground Grassland 
cover 
(average height Heathland 
<0.5 m) 
Swamp/ reeds 
Other 
A. longif olia A. longifolia 
Woody Shrubland 
vegetation 
(average height 
>0.5 m) 
Woodland 
High density, low 
woody ground 
cover 
Description 
Ground with sparse or no vegetation cover 
Low grassland vegetation 
Low heathy vegetation, which often included native grasses 
Low reedy vegetation, usually in seasonally damp areas 
Any other low vegetation cover 
Vegetation dominated by A. longifolia - in most cases 
represents close to 100% A. longifolia, but may 
occasionally include mixed vegetation where A. longifolia 
is dominant i.e. > 60% cover 
Vegetation comprising of other medium to tall shrub 
species, usually coastal, where A. longifolia is absent or is 
present in very low coverage e.g. Leucopogon-dominated 
shrub land 
Vegetation comprising of tree species with a canopy 
obstructing understorey vegetation 
Low ground cover which is woody and dense enough to 
have a similar spectral signature to taller woody vegetation 
A supervised classification using the maximum likelihood classifier was used to 
classify each site and time period into pre-selected vegetation categories depending 
on the sub-classification categories present at each site (sub-categories, Table 4.3). 
For the 2002 classifications, representative training areas for each site and 
vegetation category were collected in the field using a Trimble Geo-explorer 
Geographic Positioning System (GPS) receiver. GPS readings were differentially 
corrected to within 1 m horizontal accuracy. At least two training areas per land 
cover category were selected at each site. All training area readings were collected 
within a year of image acquisition to minimise errors due to changing land cover. 
Training areas were then overlaid on the images in ER Mapper and used in the 
supervised classification. Resulting classified images were visually assessed for 
accuracy of representation of land cover based on knowledge of the study sites and 
training areas were refined where necessary. 
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a) Bare - very low ground cover 
Low ground cover - reedy/grassy vegetation 
e) Woody - inland woodland vegetation Woody - coastal shrub lands (without A. longifolia) 
Figure 4.2 Examples of vegetation cover included in the four land cover categories, a) 
bare, b) low ground cover, c) A. longifolia and, d) other woody vegetation. Variations within 
a category were mapped separately at the site scale, and then merged into the four main 
categories prior to further analysis. 
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For images pre-dating 2002, training areas were selected using on-screen 
interpretation. Interpretation of images was assisted by familiarisation with the 
appearance of land cover categories in the 2002 image (viewed in both colour and 
black and white) and comparison of images across time. A. longifolia was relatively 
easy to identify on the images due to its distinctive round shape and darker tone 
compared to other vegetation types, both in the colour and black and white images 
(Figure 4.3 ). Other vegetation categories were similarly distinctive, assisting 
interpretation. 
Figure 4.3 Examples of the four land cover categories on both black and white (top) and 
colour aerial photographs (bottom). Categories were distinctive, aiding successful 
classification. 
Tree shadow and shallow wetlands were spectrally inseparable from A. longifolia in 
the older black and white photos. Wetlands were excluded by clipping them out of 
an image, hence removing them from the final classification. These tended to occur 
in homogenous patches which were not susceptible to A. longifolia invasion in any 
case. This technique was also employed in the case of shadow for the NT-FLAT site 
where dense woodland vegetation was in a single block that could be readily masked 
out, and where shadow and A. longifolia between tree gaps could not be reliably 
separated. However in other sites, shadow could not be dealt with in this way, and 
attempts to create a separate spectral class resulted in mis-classification of 
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significant areas of A. longifolia as tree shadow and vice-versa. In order to retain all 
A. longifolia within its category, the 'shadow' class was excluded, and subsequently 
any shadow was categorised as A. longifolia. Mis-classifications were then manually 
corrected post-classification in Arc View 3.3, as it was relatively easy to visually 
distinguish between the two. Shadow was only a significant issue in woodland areas, 
primarily in the 1967 photographs. 
4.3.3 Accuracy assessment 
Unless the accuracy of an image classification is estimated using independent 
reference data, the reliability of mapping results is difficult to gauge (Stehman and 
Czaplewski 1998). Obtaining a reliable accuracy assessment in vegetation mapping 
from aerial photographs is a challenge, particularly where historical photographs are 
involved. 
Traditionally, the accuracy of remote sensing classifications is estimated by 
comparing classification results to some reference point of supposedly greater 
certainty (Congalton 1991). Usually these reference data are collected in the field 
close to the time of image acquisition and geographically referenced to the image of 
interest. A common drawback of classifying historical aerial photographs is that it is 
not possible to collect field-based data close to the time of image acquisition. 
Subsequently, the reliability of such classifications is often ignored (e.g. Harrington 
and Sanderson 1994). 
Rather than ignoring classification reliability, a compromise between quantitative 
assessment for the recent (2002) classifications and qualitative assessment for the 
historical photographs was employed. 
Field assessment of the 2002 classified images 
Reference data to assess the 2002 classification results were collected in the field 
using a Trimble Geoexplorer GPS. Due to the vegetation density of many off-road 
areas within the study sites, access to these areas was often difficult. As such, a 
modified stratified random sampling strategy was used which involved a 
compromise between collecting a spatially representative sample and time/ 
accessibility constraints (see Stehman and Czaplewski 1998). Study sites were 
firstly divided into strata based on field accessibility, as determined by proximity to 
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roads and tracks. Strata included areas less than or equal to 100 m from roads or 
tracks, 100 m to 200 m, and greater than 200 m, as determined by buffer analysis in 
Arc View 3.3 (Environmental Systems Research Institute 2002). A total of 260 
reference points were randomly allocated between the three strata with an allocation 
of 200 points within 100 m of roads, 50 within 200 meters of roads, and 10 greater 
than 200 m from roads. By reducing the number of points far off-road (difficult to 
access and highly time consuming), more reference points could be collected 
overall. 
At each reference site on the ground, vegetation type was recorded according to both 
sub-classification category (e.g. grassland, heathland) and major classification 
category (e.g. low ground cover). Additional information was collected for 
interpretation purposes on the major species present, percentage cover, and an 
estimate of average height of the tallest strata. 
Data collected in the field were differentially corrected to within 1 m horizontal 
accuracy. Reference data were then compared to the corresponding classification 
results and entered into an error matrix for computation of accuracy estimates 
including the overall accuracy, user's accuracies and producer's accuracies 
(Congalton 1991). The user's accuracy estimates the percentage of A. longifolia (for 
example) on the map that is actually A. longifolia on the ground. The producer's 
accuracy estimates the percentage of A. longifolia on the ground that is correctly 
classified as A. longifolia on the map. 
Qualitative assessment of pre-2002 classified images 
As it is impossible to field-check classification accuracy of historical aerial 
photography, and detailed vegetation data is rarely available for the exact site and 
time an aerial photograph was acquired (as was the case here), a more qualitative 
method was devised for assessing how well classified historical images matched 
broad vegetation patterns on the ground at the time of image acquisition. 
Historical literature and collections of historical maps and photographs were 
searched for references or images depicting the type of vegetation cover within the 
study sites over the period 1940 to 2005. Only references which could be linked 
geographically to one or more of the seven study sites (or within reasonable 
proximity) were considered. References were then compared to the specific site and 
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year/s of aerial photographs and ranked according to their consistency with broad 
vegetation patterns depicted in the classified image. Rankings were: a) strongly 
consistent, b) consistent and, c) inconsistent. 
'Strongly consistent' indicated that the historical reference gave a description of 
vegetation cover or vegetation change which matched patterns shown in the 
classified image/s exactly i.e. in describing patterns shown in the classified image, 
the description would match that of the historical reference. For example, a 
description of sites within Discovery Bay Coastal Park stated 'From the 1970s 
onwards the dramatic spread of Coast Wattle ... appears to have caused change in the 
dunes' (Parks Victoria 2004 p. 22), which refers to sites T-MOUTH and T-BAY. 
Independent description of patterns shown in the classified images between 1970 
and 2002 would have resulted in the same observation i.e. rapid spread of A. 
longifolia and change in dune patterns. 
'Consistent' indicated that a historical reference did not directly conflict with 
patterns observed in the classified images, however not enough information was 
available to directly link the two. For example, photographs from the 1940s at site 
T-MOUTH indicate bare ground with scattered shrubs; however, the shrubs are not 
identifiable to the species level in the photo. The corresponding classified image 
shows bare areas with individual A. longifolia plants. Hence the two are consistent, 
but the photos do not confirm or dismiss whether or not the shrubs are in fact A. 
longif olia. 
'Inconsistent' indicated that historical references differed from vegetation patterns 
shown in the classified image. For example, if a historic vegetation description noted 
the presence of A. longifolia, whilst the vegetation classification omitted it. 
4.3.4 Quantifying vegetation change 
Determining whether A. longifolia has spread inland 
To determine evidence for a geographic spread of A. longifolia inland over the study 
period, the furthest identifiable individual of A. longifolia from the shoreline was 
mapped for each year represented in the aerial photographic record then plotted 
against time. This analysis was undertaken primarily within the bounds of the study 
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sites. As there were no study sites covering the distance of 7. lkm to 10.3km inland, 
an additional site was included in the assessment that a) covered this distance, b) 
geo-referenced aerial photography was available between 1947 and 2002, and c) A. 
longifolia was detectable. This site was considered for the primary study, but 
excluded due to changed land use between 1967 and 2002. 
As the seven study sites plus the additional site represented only discrete portions of 
the study area, additional aerial photographs across the region were assessed visually 
for each time period and up to 15km inland to confirm the generality of results taken 
from within the study sites. This was undertaken at the historic aerial photography 
viewing facility at Land Victoria, Melbourne. 
Pattern and rate of change across space and time 
To examine the pattern and rate of vegetation change across time, classified images 
were imported into Arc View 3.3 and converted to ESRI shapefile format. The total 
area of each of the four vegetation categories was calculated in hectares for each site 
and time period using the XTools Extension in Arc View 3.3 (Oregon Department of 
Forestry 2001). The percentage cover for each site was then calculated and plotted 
against time to indicate change at the site level and allow for comparison of change 
between sites (as sites varied in total area). The average percentage of each land 
cover category was also determined across all sites and plotted over time to estimate 
overall trends. 
Rate of vegetation change was determined at the individual site level then combined 
to determine an overall average. Rate of change at the site level was calculated by 
subtracting the area of land cover at one observation year from that at the next 
observation year, then dividing by the number of inter-observation years to estimate 
the change in hectares per year. Average rate of change was also calculated at the 
site level in the same way using percentage of cover. Overall rate of change both in 
hectares and percentage was calculated by subtracting the area or percentage cover 
in 1947 from that in 2002, then dividing by 55 years to determine the average rate of 
land cover change per year. 
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Dynamics of A. longifolia according to traditional and non-
traditional vegetation communities 
A number of recent references have suggested that there are instances of A. 
longifolia increasing in dominance in vegetation communities in which is it a typical 
member (e.g. Wark 1999, Carr 200lb, Groves 2001, Anon. 2005). It is therefore of 
scientific and management interest to determine whether changes in A. longifolia 
cover in the Glenelg Plain bioregion are occurring both within vegetation 
communities to which the species is considered indigenous, as well as within 
vegetation communities in which the species is not typical. Such a quantitative 
analysis has not been undertaken previously for native shrub encroachments in 
Australia. 
In the State of Victoria, 'Ecological Vegetation Classes' or 'EVCs' form the basic 
floristic and management unit for vegetation communities. EVCs were first defined 
by Woodgate et al. (1994). EVCs within the seven study sites were categorised 
according to whether they traditionally contained A. longifolia as a typical species or 
not, according to the Commonwealth and Victorian RFA Steering Committee (2000) 
(Chapter 2). Relevant supplementary information was also used (Anon. 2005). 
Traditional vegetation communities were further divided into whether A. longifolia 
is typically a major or minor species. The percentage of A. longifolia cover in each 
of these three categories was calculated for the periods 1947 to 1967, 1967 to 1986 
and 1986 to 2002. These represent approximately twenty year time intervals and 
eliminate the gaps present for some sites in 1972 and 1981. Spatial information on 
EVC distribution was obtained from the Department of Sustainability and 
Environment Corporate Geospatial Data Library (Department of Sustainability and 
Environment 2004). EVCs within the study sites were re-categorised according to 
the three categories. Whilst it is recognised the boundaries between these classes and 
their spatial representation is somewhat subjective, this data represents the best 
estimate in distinguishing these categories for the purpose here. The area of A. 
longifolia in each category was calculated in hectares for each year considered using 
XTools. 
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4.4 RESULTS 
4.4.1 The spatio-temporal distribution of A. longifolia 
General patterns 
Maps resulting from selected aerial photo classifications are shown in Figure 4.4. 
Visual assessment of temporal vegetation maps reveals that significant vegetation 
change has taken place within the study sites over the past 55 years (Figure 4.4 a to 
g). The most obvious trends were an increase in woody vegetation cover (both A. 
longif olia and other woody vegetation) and a substantial decrease in bare ground and 
low ground cover. An increase in A. longifolia cover is evident across all sites when 
comparing 2002 vegetation to 194 7 results. 
All sites had minimal woody vegetation cover in 1947, with the exception of the 
southern section of the T-BAY and the M-CAPE study sites. This is likely due in 
part to grazing, burning and logging practices, which were already widespread at the 
time. Large areas of exposed soil are visible at a number of sites, particularly NT-
BULLEY where ridges of bare sand are evident. These ridges appear to be among 
the first sites of A. longifolia colonisation in the subsequent time period (1967). 
The sequence of A. longifolia spread was fairly consistent across sites. This typically 
involved initial colonisation of a site by a few individuals, progressive spread via 
coalescence of existing plants and further colonisation by new individuals, and 
finally, development of monoculture stands which filled all suitable space (Figure 
4.4). There was also visual evidence of older A. longifolia stands senescing or being 
removed as a result of wildfire. 
There was also evidence that the pattern of spread varied according to the stage of 
invasion. Early patterns of spread were more likely to exhibit obvious spatial 
clustering than later phases. What appears to be the initial establishment point of A. 
longifolia spread could be identified at M-DEANS and NT-BULLEY. At both sites, 
clusters of individual A. longifolia plants occurred in apparently disturbed areas, 
some adjacent to tracks. Similar patterns of initial colonisation are evident at other 
sites across time. At sites T-MOUTH, T-BAY and NT-BULLEY, early phases of 
spread between 1947 and 1967 could also be seen following the pattern of sand 
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Figure 4.4a Mapping results of site T-MOUTH for the years 1947, 1967, 1986 and 2002. 
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Figure 4.4b Mapping results of site T-BAY for the years 1947, 1967, 1986 and 2002. 
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Figure 4.4c Mapping results of site M-NELSON for the years 1947, 1967, 1986 and 2002. 
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Figure 4.4d Mapping results of site M-CAPE for the years 1947, 1967, 1986 and 2002. 
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Figure 4.4e Mapping results of site M-DEANS for the years 1947, 1967, 1986 and 2002. 
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Figure 4.4f Mapping results of site NT-BULLEY for the years 1947, 1967, 1986 and 2002. 
Land cover classification 
D Bare 
D Low ground cover 
~ Other woody vegetation 
II A.longifolia 
77 
1947 1967 
, 
~J ~ Land cover classification 
~ ~ ~ ~ D Bare D Low ground cover 
1986 I I 2002 I Ill Other woody vegetation ... 
II A.longifo/ia 
~ 
N ~ N 
Figure 4.4g Mapping results of site NT-FLAT for the years 1947, 1967, 1986 and 2002. 
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ridgelines. Interestingly, this distribution pattern held at T-BA Y where it can still be 
seen today, whereas at the other two sites, the species spread rapidly into adjacent 
environments. In general, later stages of spread exhibited less obvious spatial 
patterning, instead expanding to fill all available space. 
Although the focus of the study was on native vegetation, field observation and 
viewing of adjacent aerial photographs suggests that A. longifolia has not colonised 
land which has experienced ongoing stock grazing to any significant extent. 
Contrasting boundaries regularly occurred between areas of high A. longifolia cover 
in native vegetation and adjacent grazing land, similar to those described in Cohen 
(1981) and Costello et al. (2000). 
4.4.2 Accuracy assessment 
Due to its size and contrasting colour in comparison to surrounding land cover, A. 
longifolia was identified fairly easily from aerial photographs, even in black and 
white photographs (Figure 4.5). Restricting the mapped classes to four structurally 
different categories also helped reduce the likelihood of mis-classification between 
structural vegetation categories. 
Figure 4.5. A section of black and white photography from one of the study areas (left) 
and the corresponding land cover classification (right) . A. longifolia in the photograph is 
readily identifiable, as it is darker in colour than all other surrounding land cover. It is 
shown in dark green in the corresponding classification on the right. 
An accuracy assessment of the 2002 classification estimated overall classification 
accuracy at approximately 85% (Table 4.4), with the estimated user's accuracy for 
A. longifolia 96% and the producer's accuracy 84%. 
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Table 4.4 Error matrix for the 2002 classified image. The accuracy assessment is based at 
the level of broad classification categories rather than sub-categories. User's and producer's 
accuracies for the four land cover categories are shown. 
Reference data 
Bare Low ground cover Coast wattle Woody 
't:S 
Q,) Bare 17 1 0 2 i::: 
'!il Low ground cover 4 45 3 9 
VJ s 
.! 411 Coast wattle 0 0 95 4 
U't:S Woody 0 0 15 65 
Total 21 46 113 80 
User's Accuracy 85.00 73.77 95.96 81.25 
Producer's accuracy 80.95 97.83 84.07 81.25 
Positional errors were not separated from true classification errors. However, visual 
assessment of features across multiple time periods indicated that spatial alignment 
of aerial photographs across time was acceptable (see Figure 4.6). This is important 
if direct location comparisons are to be made between temporal vegetation maps, 
which will be undertaken in Chapter 6. The relatively flat terrain and careful geo-
referencing reduced positional error to an acceptable level. 
SiteT-BAV 
D 1986 A.longifolia distribution • 2002 A.longifolia distribution 
Figure 4.6 Examples of the spatial agreement between individual patches of A. longifolia 
across mapping years. A. longifolia patches are shown as a black outline for 1986 and grey 
hatch for 2002. Note that whilst the size of patches may increase or decrease between the 
years due to growth and senescence of A. longifolia, the spatial location is consistent, 
indicating good geographic matching between aerial photographs. 
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Total 
20 
61 
99 
80 
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A total of 67 references to the vegetation cover at the seven sites between 1940 and 
2004 were found that were in sufficient detail to compare to classified vegetation 
maps. Of these, 35 were strongly consistent with the classified vegetation maps of 
the site and time in question, 32 were consistent, and none were inconsistent (Table 
4.5). There were at least three independent references for each site. Full details of 
these references can be found in Appendix 2. 
Table 4.5 Summary of consistency between historical references and vegetation 
classifications at the seven sites. 
Category Site 
Strongly consistent Consistent Inconsistent 
T-MOUTH 1 2 0 
T-BAY 7 8 0 
M-NELSON 4 0 0 
M-CAPE 3 2 0 
M-DEANS 1 3 0 
NT-BULLEY 10 2 0 
NT-FLAT 7 9 0 
Multiple sites 2 6 0 
4.4.3 Quantifying vegetation change 
Geographic spread inland 
Classified maps from the seven study sites confirm that A. longifolia has spread 
inland over the past 50 years (Figure 4.7). In 1947, the species was only present with 
any substantial cover at the traditional coastal sites (12% cover at T-BA Y and 2% at 
T-MOUTH), with a few scattered individuals between 3krn and 6km inland at NT-
BULLEY and M-NELSON ( <0.5% cover). Whilst the study sites only covered a 
small section of the region defined by Emeny (2002), viewing results of other photos 
from 1947 to 1950 within the region were consistent with these observations. Forest 
cover was much sparser in the 1947 and 1967 photographs, making the 
identification of A. longifolia individuals relatively easy. A. longifolia does not 
appear to the north of the Glenelg River (including NT-FLAT) until 1981. 
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Figure 4. 7 Distance inland of the furthermost A. longifolia patch or individual detected for 
each observation year within the observation sites. An upper limit of 1 lkm inland applied. 
In 194 7, the furthest A. longifolia was detected was between Skm and 6km inland. The 
species was not detected at 1 lkm inland until 1986. Photographs viewed outside the study 
areas indicate these observations were consistent across the broader region. 
Net change across study sites 
There was a net increase in A. longifolia cover of 330 ha between 1947 and 2002, or 
19.6% when all study sites were combined. In 2002 there were 367 ha classified as 
A. longifolia, which was actually lower than the 570 ha classified in 1992 and 425 
ha in 1986. Between 1947 and 1992 there was an increase in A. longifolia cover of 
33.8% of the study area. However, fires at two sites between 1992 and 2002 
significantly reduced this to the more recent figure. 
Figure 4.8 shows the average change in the four land cover categories between 1947 
and 2002 across the seven sites. The average change in percentage of A. longifolia 
cover by site between 1947 and 2002 was 26.9%. The average change in A. 
longifolia cover was greater than the overall percentage change due to the larger 
NT-BULLEY site having reduced cover in 2002 due to wildfire. The general trend 
over the 55 year time period was a reduction in bare and low ground cover and an 
increase in A. longifolia and other woody cover. 
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Figure 4.8 Vegetation change between 1947 and 2002, expressed as the average 
percentage of each land cover category across all sites. Average cover of A. longifolia shows 
an increasing trend between 1947 and 1992, before declining slightly between 1992 and 
2002. Other woody vegetation also showed an increase in cover over time, whilst bare 
ground and low ground cover showed a decline. 
Between 1947 and 1967 the average rate of A. longifolia spread was relatively low 
(0.2% cover/yr), increasing to 0.9% and 0.7% from 1967 to 1972 and 1972 to 1981 
respectively, before peaking at 1.4% cover per year between 1981 and 1986. The 
average rate of spread declined slightly between 1986 and 1992 (1.1 % cover/yr), and 
actually became negative between 1992 and 2002 (-0. l %/yr). These averages 
however smooth over rates at individual sites and represent only net change, with 
some sites for example experiencing a strong decline in A. longijolia cover between 
1992 and 2002 (e.g. NT-BULLEY, M-DEANS), whilst others were still gaining A. 
longifolia cover (e.g. M-NELSON, T-MOUTH). 
There was also an increase in other woody vegetation between 1947 and 2002 
(Figure 4.8). This totaled 346 ha over the 55 years. Unlike A. longifolia spread, other 
woody cover continued to increase between 1992 and 2002. Concurrent with the 
increasing woody cover was a decline in low ground cover and bare ground over the 
55 years of -407.8 ha and -277.7 ha respectively. Although not quantified in this 
study, visual assessment of aerial photographs across the Glenelg Plain indicated an 
increase in tree density and crown cover over the same period (Figure 4.9). 
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Figure 4.9 Change in tree cover and density between 1947 and 2002 at a location within 
NT-BULLEY. Tree density appears to increase over this period, as does tree canopy cover 
between 1947 and 1986. The near-black shading between canopy gaps in 1986 is 
encroaching A. longifolia. The loss of canopy cover between 1986 and 2002 is a result of a 
wildfire in 2000. Mature A. longifolia plants were also removed in this fire. 
Change according to vegetation category 
All vegetation categories showed an increase in A. longifolia over the study period, 
including traditional and non-traditional habitat of the species (Figure 4.10). In 
1947, A. longifolia primarily occurred in traditional habitat. Interestingly, there was 
greater cover in vegetation communities in which A. longifolia is typically a minor 
component than in vegetation communities in which A. longifolia is often a 
dominant species. A few individuals of A. longifolia were observed in inland 
woodland (NT-BULLEY) and coastal heathland (M-DEANS) in 1947, however 
were negligible in terms of overall cover (less than 1 % ) and appeared to be recent 
colonisations. The greatest increase in cover occurred between 1967 and 1986 at 
non-traditional sites, with an almost 30% increase in just 19 years. Cover then 
declined in this category between 1986 and 2002 due to wildfires. The only other 
decrease in cover was seen between 1947 and 1967 at sites in which A. longifolia is 
typically a minor component. 
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Figure 4.10 Change in A. longifolia cover over time according to vegetation category, 
where 'Traditional - major' = vegetation communities in which A. longifolia is typically a 
dominant species, 'Traditional - minor' = vegetation communities in which A. longifolia is 
typically a minor species if present, and 'Non-traditional' =vegetation communities in 
which A. longifolia is not a typical species. 
Site variability 
At the site scale, changes in vegetation cover varied considerably across time and 
space (Figure 4.11 a-g). Although all sites showed an overall increase in A. 
longifolia cover and decline in bare ground from 1947 to 2002, there were periods of 
increase and decrease in A. longifolia cover across sites which didn't necessarily 
coincide in time. All but two sites showed at least one period of A. longifolia decline 
between 1947 and 2002. M-CAPE did not have a period of decline, but did 
experience stability in cover between 1992 and 2002. M-NELSON showed no 
periods of decline. For two of the traditional sites (T-MOUTH and T-BAY), 
declines in A. longifolia cover occurred early in the study period (between 1947 and 
1967 or 1967 and 1972). At non-traditional sites CM-DEANS, NT-BULLEY and 
NT-FLAT), the decline occurred late in the study period (1992 to 2002). 
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Figure 4.11 Temporal vegetation change at the site level 
a) T-MOUTH, b) T-BAY, c) M-NELSON, d) M-CAPE, e: 
M-DEANS, f) NT-BULLEY, g) NT-FLAT. 
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4.5 DISCUSSION 
Substantial vegetation change has taken place in the Glenelg Plain bioregion over 
the past 55 years. The increased presence of A. longifolia has been a major change, 
contributing to the overall alteration of landscape structure that has occurred in 
recent decades (e.g. Kellaway and Rhodes 2002, Ierodiaconou 2004). Sites studied 
in this chapter represent parts of the region which have experienced some of the 
greatest vegetation change involving A. longifolia encroachment. The nature of 
change at these sites and how this contributes to our understanding of A. longifolia 
dynamics at the local scale are discussed. 
4.5.1 General distribution pattern of A. longifolia 
Digital analysis of aerial photographs over a 55 year time frame indicates that A. 
longifolia has both increased its geographic range and cover at sites studied in the 
Glenelg Plain bioregion. Whilst it has long been suspected that the species has 
shifted range in the region and adjacent regions (Cohen 1981, Huebner 1993, 
Baldock et al. 1995a, Heard 2003, Emeny et al. 2006), this study provides the first 
quantitative evidence. Results are consistent with anecdotal evidence in Cohen 
(1981) who described what appeared to be an inland range expansion of A. 
longifolia in south-eastern South Australia. Cohen attempted to reconstruct the 
spread of the species from herbarium records, a task made difficult by incomplete 
records in early years. A more recent attempt was been made by Heard (2003), 
however results remain incomplete. Use of aerial photography in the present study 
has provided quantitative evidence of the shift, which could be repeated in south-
eastern South Australia. These results confirm to regional vegetation managers that 
the species has in fact broadened its range, and that this change has occurred within 
the past five decades. Changes in A. longifolia cover in the Glenelg Plain bioregion 
are also consistent with broader scale changes occurring across coastal and near 
coastal regions of south-eastern Australia. Patterns and rates of change are extremely 
similar to those documented elsewhere for A. longifolia (e.g. Cohen 1981, Costello 
et al. 2000, Heard 2003). In this study, A. longifolia increased by approximately 
20% across all study sites over a 55 year time period. In the Eurobodella National 
Park along the east coast of Australia, Costello et al. (2000) recorded a similar figure 
of 20% of the study area encroached by A. longifolia over a 50 year time frame. 
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Although not quantified, the magnitude of change in south-eastern South Australia 
has been similar (Cohen 1981, Heard 2003). Cohen (1981) estimated change in 
cover of A. longifolia/Leucopogon parviflorus shrubland at 30-80% in areas which 
were once characterised by coastal grassy woodlands. Such similarities suggest that 
changes recorded at study sites in the Glenelg Plain bioregion are indicative of 
broader changes in the species' distribution across south-eastern Australia. 
Colonisation patterns recorded in this study also resemble those reported for other 
native weed encroachments. A. longifolia is not the only native shrub species 
exhibiting weedy behaviour in coastal and near coastal areas of south-eastern 
Australia. Similar range expansions have been reported for Leptospermum 
laevigatum, Kunzea ericoides, Kunzea ambigua and Acacia pycnantha (Molnar et al. 
1989, Kirschbaum and Williams 1991, Bennett 1994, Singer and Burgman 1999, 
Franco and Morgan 2007). Patterns of change in A. longifolia distribution recorded 
in this study are similar to those recorded by Bennett (1994) for Leptospermum 
laevigatum at Wilson's Promontory and by Kirschbaum and Williams (1991) for 
Kunzea ericoides in the Australian Capital Territory. Bennett recorded a shift in 
L.laevigatum distribution from coastal sand dunes into adjacent grassland, woodland 
and heathland over 46 years, with an overall change in cover of approximately 36% 
of the study area. As with the present study, Bennett observed that in the 1940s, the 
study site consisted of large areas of open sand, including bare ridges similar to 
those observed in the present study. The disturbance history presented by Bennett 
suggests these bare ridges may have been associated with long-term grazing of the 
site. The colonisation by A. longifolia of areas cleared of woody vegetation in this 
study is also similar to the colonisation of K. ericoides in cleared areas reported by 
Kirschbaum and Williams (1991). Again, changes reported by Kirschbaum and 
Williams (1991) occurred on land previously grazed. The role of grazing in the 
present study sites and other native weed occurrences across Australia warrants 
further investigation. 
4.5.2 Change according to traditional and non-traditional 
habitats 
Whilst a number of researchers have documented the spread of native woody weeds 
into new environments within a single study area (i.e. Kirschbaum and Williams 
1991, Bennett 1994, Costello et al. 2000), none have specifically separated change 
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between traditional and non-traditional vegetation communities in the region in 
which the species has expanded in range. For instance, Bennett (1994) mapped 
change in L.laevigatum across a study site incorporating both traditional and non-
traditional vegetation types, but didn't distinguish change between the two. Costello 
et al. (2000) also focused only on spread into one vegetation community, coastal 
grassland. 
Aerial photograph analysis in this study documented a net increase in A. longifolia 
cover in both traditional and non-traditional habitat. In both habitat types, changes 
detected in the aerial photographs were supported by vegetation descriptions from 
other sources. 
A. longifolia was evident in the aerial photographs at traditional habitat sites for the 
entire study period. This was supported by the historical literature, with ongoing 
reference to the species across the same period (Frankenberg 1971, Land 
Conservation Council 1972, Seelinger and Zimmerman 1977, Head 1983, Parks 
Victoria 2004, Heubner Pers. Comm.). Pollen analysis from swamp cores studied by 
Head (1988) also confirmed the presence of Acacia in coastal habitat of the study 
region during this period. 
Between 1947 and 2002, a net increase in A. longifolia was documented at 
traditional habitat sites. In habitat where A. longifolia was classified as being a 
dominant species, an approximate 11-fold increase was observed. In habitat where 
A. longifolia is typically a minor species, the increase was 4-fold. The description of 
traditional habitat between 1947 and 2002 in the literature was consistent with 
changes observed in the aerial photo record. Early descriptions of site T-MOUTH 
for example suggested an open habitat with a dominance of low ground cover and 
grasses (Garnet 1947b, Heubner Pers. Comm.). Early descriptions of site T-BAY 
described a disturbed open woodland, bare dunes and patches of mixed coastal scrub 
incorporating A. longifolia (Gibbons and Downes 1964, Frankenberg 1971, Land 
Conservation Council 1972). Later descriptions of both sites and other nearby 
coastal vegetation indicated a thickening of shrubby vegetation, with A. longifolia 
specifically identified in many cases (Head 1983, 1989, Huebner 1994, Parks 
Victoria 2004). Descriptions of site M-NELSON similarly track a shift from open 
grassland (Garnet 1947b, Land Conservation Council 1972) to A. longifolia 
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dominated vegetation (Land Conservation Council 1972, Huebner 1994 ). 
Furthermore, pollen analysis reported by Head (1988) reveals what appears to be an 
increased importance of Acacia in local vegetation over recent decades. 
In non-traditional habitat, aerial photograph analysis suggested that A. longifolia was 
only present in 1947 as a few discrete patches occurring within 5krn of the coastline, 
which were negligible in area compared to the total area of non-traditional habitat. 
These individuals appeared to be the initial colonisation foci of the sites. Early 
descriptions of non-traditional habitat at M-DEANS area from the 1930s to 1940s 
describe a diverse, open habitat, with no mention of A. longifolia (Gamet 1947b). In 
the case of NT-BULLEY, there is even specific denial of its presence (Dewer in 
Huebner 1994 ). Results of this chapter document a rapid increase in A. longifolia 
cover between 194 7 and 1986, to greater than 40% of total cover. This increase was 
at a far greater rate than in the traditional habitat. The reasons for this are uncertain, 
but may be due to an initial lack of predators or a more amenable growing 
environment away from the harsh coastal environment. The sudden reduction of A. 
longifolia cover between 1986 and 2002 can be explained by known fire events 
occurring between 1993 and 2000 at two of the non-traditional sites (Hill 2005, 
Taylor unpublished). 
Again, patterns extracted from the aerial photographs for non-traditional habitats 
were consistent with the literary record. The changes were most clearly documented 
at NT-BULLEY. Here, the transition from open woodland to an A. longifolia 
dominated shrubland is clear. Early accounts described open woodland with 
expanses of grassland and herbfields containing a variety of species (Gamet 1947b, 
Huebner 1994), and without A. longifolia (Dewer in Huebner 1994). The Land 
Conservation Council (1972) suggest the open nature of the site originated from an 
Open Forest formation that had been thinned through grazing and burning. 
Descriptions through the 1960s to 1970s describe the early changes in vegetation 
structure with the increased occurrence of A. longifolia and reducing areas of open 
grassland and heath (Frankenberg 1971, Land Conservation Council 1972, Huebner 
1994 ). Later descriptions of the area describe the significant contraction of grassland 
areas and increased dominance of A. longifolia (Huebner 1994, Baldock et al. 
1995a). Whilst few descriptions of the vegetation at sites M-DEANS and NT-FLAT 
were located for the period 1947 to c.1980, descriptions of M-DEANS from 1986 
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onwards clearly identify a recent increase in the dominance of A. longifolia 
(Beauglehole 1986, McMahon et al. 1994, Hill 2005, Mitchell and Wilson 2006). 
It appears that A. longifolia has increased in cover in both traditional and non-
traditional habitat at the seven sites studied. In order to comment on the significance 
of such changes, they must be considered in the context of broader vegetation trends 
in the study area. 
4.5.3 Long-term vegetation trends 
The present study was limited to a 55 year time period, and as such only describes 
recent vegetation change at the study sites. Whilst this period captures a phase of A. 
longifolia increase in both traditional and non-traditional habitat, it doesn't indicate 
how these changes fit in longer-term vegetation patterns and changes since 
European settlement. When considering these, there are two distinct possibilities. 
The first is that the increase and range expansion of A. longifolia has only occurred 
in the last 50 to 60 years, and prior to this A. longifolia was extremely limited in its 
distribution and regional coverage. The second is that cover of A. longif olia has had 
historic periods of higher cover followed by a decline prior to the 1940s, and recent 
observations actually represent a phase of recovery. The available evidence 
suggests that the former is most likely across the study sites, with the possibility of 
the latter occurring in localised situations. 
Analysis of the historical literature suggests that in the case of non-traditional 
vegetation communities, the observed encroachment of A. longifolia has only taken 
place in very recent history. Early writings on near-coastal vegetation in the region 
describe open coastal woodlands with a grassy understorey, and localised 
occurrences of heath and swamps (Clarke 1850, Bonwick 1858, Audas 1917, Grant 
in Learmonth 1934, Gamet 1947b, Specht 1972, White 1848 in Department of 
Crown Lands and Survey 1981, Lourandos 1983) (see also Figures 4.12 and 4.13). 
Head (1988) similarly described early vegetation in the near-coastal area as 
containing 'sparse Casuarina [sic] trees' with 'very little understorey' (Head 1988p. 
44 ). None of the early species lists from these communities mention A. longifolia 
(Audas 1917, Borwich 1858 in Department of Crown Lands and Survey 1981). The 
central and western section of M-DEANS appears to have consistently comprised of 
low heathland vegetation until the recent encroachment of A. longifolia. All early 
91 
descriptions note the site as 'heath' (Tyers and Townsend 1840, Clarke 1850, Audas 
1917, Bonwich 1858 in Department of Crown Lands and Survey 1981). Borwich 
(1858) further expands this definition to include the dominant species present 'Here 
upon the sand of the limestone nothing will grow except Epacris, Correa and 
stuntedXanthorrhaea [sic], with some dwarf kind ofbanksias' (Borwich 1858 in 
Department of Crown Lands and Survey 1981 p.262). TheBanksia, Correa and 
Xanthorrhoea remain typical components of the low heathland communities that 
still exist in small areas of site M-DEANS and adjacent sites, where A. longifolia has 
not encroached (McMahon et al. 1994, Hill 2005). Further to the western, inland 
section of the study area, Gamet (1947a) described travelling through 'lightly 
timbered forest', most of which has since been cleared. A. longifolia was not 
recorded in 1947 in a detailed flora survey of the proposed Lower Glenelg National 
Forest (Gamet 1947b), which includes NT-BULLEY, M-NELSON and NT-FLAT. 
Gamet (p.78) noted that 'plants peculiar to coastal dunes ... are beyond the proposed 
forest boundaries and have not been taken into consideration'. A. longifolia probably 
fitted this description, and was certainly present in the dune vegetation at that time 
(Head 1988). 
Figure 4.12 Composite map of vegetation descriptions taken from early survey plans of 
the immediate Portland region, incorporating sites M-CAPE and M-DEANS. 
Source: Clarke (1850), Department of Crown Lands and Survey (1866), and Tyers and Townsend 
(1840). Method adapted from Lunt (1998b). 
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Figure 4.13 Composite map of vegetation descriptions taken from early plans of the region 
surrounding what is now the Nelson township, incorporating site M-NELSON. 
Source: Clarke (1851), method adapted from Lunt (1998b). 
In the case of traditional vegetation habitat, it also appears that observed increases in 
A. longifolia cover are also a recent occurrence. Archaeological research by Head 
(1988) provides the most significant context for analysing recent changes in A. 
longifolia cover observed in this study. Head (1988) reconstructed local vegetation 
composition using pollen counts from peat cores located at three sites along the 
coast of the current study area. Her analysis spanned the last 6 000 years, and 
included a site immediately adjacent to T-BAY in the present study. Pollen cores 
indicated that Acacia (almost certainly A. longifolia) has been present in the coastal 
dune environment for the past 6 000 years, along with other typical coastal species 
which remain today (e.g. Melaleuca lanceolata, Leptospermum lanigerum, 
Allocasuarina spp., Eucalyptus spp. and members of the Poaceae and Asteraceae 
families). However, pollen core diagrams produced by Head (1988) also reveal that 
Acacia began to increase in prominance around the same period as the exotic Pinus 
appeared in the pollen record. As pine plantations were first established in the area 
between the 1930s and 1950s, this would suggest a period around the 1940s to 
1960s. This is consistent with the results of this study suggesting a recent increase in 
A. longifolia cover at traditional coastal sites. Significantly, at two of the sites 
studied by Head, the importance of Acac.ia in local pollen-producing vegetation was 
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greater during the later period ( c.1960 to c. 1980) than any time in the prior 6 000 
year record. 
At another site analysed by Head, an increase in A. longifolia pollen was still 
observed in the past half century; however pollen levels fell within the historical 
range of Acacia pollen fluctuations. This site was in close proximity to T-BAY. In 
the present study, A. longifolia cover at the site declined between 1947 and 1967, 
before steadily increasing from 1967 to 2002. If it were assumed that vegetation 
patterns observed at the core site in Head (1988) reflected vegetation patterns 
mapped at T-BA Y in the present study, it may be interpreted that A. longifolia cover 
has fluctuated within historic levels at this site. Thus the recent increase may be in 
response to driving factors acting over the period from the 1970s to 2002, but not 
outside historical levels. 
The current elevated levels of A. longifolia in the Coastal Alkaline Scrub (around 
35% total cover) supports idea that A. longifolia is increasing in dominance in these 
communities (Carr 200la). Prior to European settlement, the dune woodlands of this 
region of Australia were dominated by the trees Allocasuarina verticillata and 
Melaleuca lanceolata (Specht 1972). According to Specht (1972), these 
communities contained only occasional small shrubs, and the dominant understorey 
species were perennial, graminoid flora. Concerns were raised in a recent 
submission to the Environment Protection and Biodiversity Conservation Act for the 
Coastal Alkaline Scrub community to be listed as endangered (Anon. 2005) that 
elevated levels of A. longifolia were occurring in degraded examples of the 
community. The Discovery Bay Coastal Park, which falls within the study area and 
incorporates sites T-MOUTH and T-BA Y, currently contain the largest intact 
remnant of this community (Anon. 2005). This community is already significantly 
altered due to the dramatic decline in Allocasuarina verticillata (Head 1988). It is 
possible that the removal of this dominant species may have contributed to an 
opportunity for other species such as A. longifolia to increase in dominance. 
The permanency of changes in A. longifolia cover in both traditional and non-
traditional habitat is unknown. It is quite possible that A. longifolia has temporarily 
increased in abundance due to changes in environmental conditions, probably as a 
result of post-European settlement disturbances, and may eventually transition to 
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another vegetation state. There is visual evidence in the aerial photographs that 
previous areas of A. longifolia have been replaced by other woody vegetation over 
time, including within the Coastal Alkaline Scrub community. Further quantitative 
analysis of within-site state-transitions is documented in Chapter 6. 
It appears that the observed increase in A. longifolia cover and the geographic range 
expansion of the species inland is confined to recent history, as has been proposed 
by previous authors (McMahon et al. 1994, Baldock et al. 1995a, Parks Victoria 
2004). Both the historical literature and aerial photograph record support this. In 
fact, the species was very rarely mentioned in the literature prior to the 1960s. The 
earliest found mention of A. longifolia (under any of its names) in the literature was 
in 1916, where it was noted as occurring around the perimeter of the Fawthrop 
lagoon within the City of Portland (Audas 1917). It was not noted anywhere else in 
Audas's detailed botanical expedition around the broader area, which included M-
CAPE and M-DEANS. Cohen (1981) reported that in nearby south-eastern South 
Australia, some locals believe that A. longifolia may not be indigenous to the area, 
even in the coastal dunes. This possibility has also been raised for the current study 
area (Baldock et al. 1995a). However, local pollen analysis by Head (1988) indicates 
this is unlikely with Acacia been present in lower numbers in the coastal dune 
environment for several millennia at least. There are also reports of Aboriginal 
people in the region using A. longifolia as a food source (Heard 2003). 
This study represents the first attempt to separate increases in A. longifolia cover 
between traditional and non-traditional habitat of the species. Whilst the spread of A. 
longifolia into non-traditional habitat has been reported anecdotally in the region 
(McMahon et al. 1994, Baldock et al. 1995a, Clay and Schneider 2000, Emeny et al. 
2006, Mitchell and Wilson 2006), the increased cover in traditional coastal dune 
habitats has received little attention. Yet pollen analysis by Head (1988) suggests 
this recent increase is unprecedented in the past 6 000 years. The consequence of the 
increased cover of A. longifolia in traditional environments has not been studied, and 
remains an important management topic. Studies in local heathland environments 
indicate that increases in A. longifolia cover can have significant biodiversity 
impacts (McMahon et al. 1994, Clay and Schneider 2000, Mitchell and Wilson 
2006). Considering the high concentration of threatened species in the Discovery 
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Bay Coastal Park (Parks Victoria 2000b ), which contains most of the traditional 
habitat considered here, there is justification for further research in this area. 
4.5.4 Spatio-temporal variability and potential driving factors 
Whilst there was an overall trend of increasing A. longifolia cover over the 55 year 
time frame, change was not consistent across space and time, and there were periods 
of localised loss of A. longifolia cover at some sites which were masked by broader 
trends. Whilst overall patterns closely resembled those documented elsewhere for A. 
longifolia and similar species (e.g. Kirschbaum and Williams 1991, Bennett 1994, 
Costello et al. 2000), mapping of A. longifolia spread across more discrete sites and 
time periods in this study has revealed variations within the overall trend, which 
may provide important clues to factors limiting and driving the spread of the species. 
Increases and declines in A. longifolia cover were found to be site and time specific. 
In fact, the only time interval in which the trend was consistent across all sites was 
between 1986 and 1992 when all sites showed an increase in A. longifolia cover. 
Even then, the magnitude of change varied at the site scale. Likewise, rates of 
change were also variable across time and space. This suggests that at least some of 
the factors driving A. longifolia dynamics are acting at the local site-scale and have 
the ability to vary with time. 
A component of the inter-site variability observed may also be explained by time 
since A. longifolia encroachment. Sites which contained the highest A. longifolia 
cover in 1947 not surprisingly exhibited the greatest increase in A. longifolia 
between 1947 and 1967, probably as a result of higher propagule pressure. On the 
other hand, A. longifolia was yet to be introduced in areas furthest inland, therefore 
no spread was possible during this period. Due to the different establishment dates 
of A. longifolia populations across geographic space, at any one time period A. 
longifolia was in a different stage of spread according to site location. In a study of 
dune scrub development, Young et al. (1995) found that variation in spatial patterns 
at the time of study could in part be explained by time since scrub establishment. 
It is possible that local-scale patterns of A. longifolia in this study may be the result 
of complex interactions between factors across space and time. Results also 
indicated that different factors may be more influential on spatial patterning at 
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different stages of the invasion. For example, it appeared that roads may play a role 
in the introduction phase, substrate characteristics (i.e. sand ridges) may play a role 
in initial colonisation, and that in later stages most areas are susceptible. 
It is unlikely that regional climate change would alone explain the observed local 
patterns, as has been suggested for some other woody encroachments (e.g. Bowman 
et al. 2001, Fensham et al. 2005). If so, it might be expected that increases and 
decreases in A. longifolia cover would vary more consistently across sites for any 
particular time interval, and this was clearly not the case. Changes observed are also 
more rapid than would be expected with gradual climate change or increases in C02 
(Sharp and Whittaker 2003). Similarly, it is unlikely that environmental factors 
which exhibit local-scale variability (such as soil type) would be entirely 
responsible, as these are not variables that would vary over such short time intervals. 
Patterns are however consistent with the hypothesis that A. longifolia dynamics are 
driven largely by disturbance regimes and anthropogenic changes to disturbance 
regimes, which tend to be variable at local and sub-local scales and can vary with 
time in a way which is site specific. Periods of loss in A. longifolia cover may be 
most useful in identifying factors influencing its dynamics. Decreases in A. 
longifolia cover recorded between 1947 and 1972 at coastal sites coincide with a 
time when native vegetation was not being conserved, and was in fact used for 
agricultural purposes (Land Conservation Council 1972). More recent decreases in 
A. longifolia cover were restricted to sites NT-BULLEY and M-DEANS for the 
period 1992 to 2002. Both of these sites experienced both wildfire and small 
prescribed burns during the same time period (Hill 2005, Taylor unpublished), 
whilst other sites did not. If increases in the frequency of fire and intensity of 
grazing are shown to cause loss of A. longifolia cover, it follows that removal of 
these factors may also explain its increase. If local disturbance regimes could be 
linked more specifically with gains and losses of A. longifolia, proximal causes 
could be attributed and information could be used by managers to manipulate 
populations of the species. This is the aim of Chapter 5. 
4.5.5 Increase in woody vegetation cover 
An unanticipated outcome of the present study was the observed increase in woody 
cover in addition to that attributed to increases in A. longifolia. Though well 
documented in northern Australia, this is the first time such a trend has been 
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identified in this biogeographical region of Australia. Whilst this may be an obvious 
outcome at sites where grassland vegetation was probably artificially created 
following European settlement in forested environments, a general pattern of 
increased cover and density was visually apparent across the whole region (although 
was not quantified here). Whilst early vegetation descriptions implied that woodland 
environments were relatively open (Glenelg Hopkins Catchment Management 
Authority 2000), remaining woodland is now relatively closed. It is quite possible 
that common factors are driving both A. longifolia spread and increase in woody 
vegetation. 
Increased woody cover is a phenomenon which is being repeated worldwide and has 
been documented frequently in recent decades (Archer et al. 1995, Ansley et al. 
2001, Clark and Wilson 2001, Hibbard et al. 2001, Moleele et al. 2002, Asner et al. 
2003, Sharp and Whittaker 2003, Fensham et al. 2005, Dalle et al. 2006, Wiegand et 
al. 2006, Briggs et al. 2007, Throop and Archer 2007, McKinley and Blair 2008, 
Price and Morgan 2008). Common theories for this increase include climate change 
(increased rainfall and C02) and changes to grazing and fire regimes. Rainfall data 
from the region does indicate an increase in average rainfall in the second half of 
last century, coinciding with the vegetation change (Figure 4.14). However, the 
increase also coincides with a decline in fire frequency reported for the region (Land 
Conservation Council 1972). In fact, at the site scale, increases and decreases in tree 
canopy cover varied quote obviously alongside fire history (Figure 4.9). Another 
possibility is that woodland in the region was thinned in early European settlement 
for uses such as fencing, fire wood and industrial uses, and the present increase 
represents regeneration. The consequences and causes of this regional increase in 
woody cover and density are unknown and may warrant separate investigation. 
4.5.6 Digital analysis of aerial photography 
The present study utilised digital techniques for classifying aerial photographs into 
land cover categories for quantitative vegetation change analysis. Whilst vegetation 
change studies have long used aerial photographs as a data source, manual 
techniques have traditionally been used in analysis. This study represents one of 
only a few Australian vegetation change studies which have made use of more 
recent digital analysis techniques (although see recent examples in Jones et al. 2004, 
(Sharp and Bowman 2004, Robinson et al. 2008). 
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Figure 4.14 Rainfall data from the Portland airport weather station. The dotted line shows 
the average yearly rainfall for the region, and the solid black line the 11-year running 
average at the weather station site. There is a slight increase in average rainfall from the 
1950s onwards. 
Source: Adapted from the Bureau of Meteorology (2007). 
Digital classification techniques employed in this study proved to be quite 
successful in separating A. longifolia from other broad vegetation types under most 
circumstances encountered in the study environment. The size of individual A. 
longifolia plants in relation to the minimum grain of the aerial photography and its 
contrasting tone compared to surrounding land cover contributed to its successful 
detection. The accuracy assessment of the 2002 images confirmed this. 
A common issue when using digital analysis is the effect of tree shadow, particularly 
in black and white photographs. Whilst shadow can be readily distinguished by the 
human eye, it is difficult to classify using computer-based analysis methods. In the 
current study, the spectral signature of tree shadow actually overlapped in spectral 
space with that of A. longifolia, both being the darkest objects in the black and white 
images. As a result, reverting to manual post-classification of tree shadow was 
necessary, which meant that the analysis was not entirely automated and digitally 
based. 
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Integrating both digital and manual techniques is becoming more common in aerial 
photograph analysis (e.g. Banfai and Bowman 2006). This allows the interpreter to 
incorporate the relative benefits of each technique to produce the most appropriate 
outcome according to the aims of analysis. It is therefore recommended that analysts 
do not strictly adhere to one technique or the other, but to try varying combinations 
of both manual and digital analysis to achieve the best possible outcome. Such 
analysis represents a trade off between the benefits of digital analysis (geographic 
referencing, the ability to integrate into a GIS), and the ability of the human eye to 
distinguish pattern, and should prove beneficial in future studies. 
Although sometimes problematic due to accessibility or spatial alignment issues, an 
accuracy assessment of classifications is essential to assess the reliability image 
classification results. Here, a combination of traditional quantitative assessment for 
the most recent image analysis and qualitative assessment of historical image 
classification provided a greater degree of confidence than is typically provided in 
historical aerial photograph studies. Although the qualitative assessment was not 
detailed enough to assess classification at the pixel scale, it gave an indication of 
broad alignment of classification results with other data linked to the same location 
and time period. Often a wealth of ancillary data exists for a site that alone may not 
provide evidence for mapping accuracy, but when multiple sources are combined 
they can provide a valuable reference in space and time when direct observation is 
not possible. 
4.6 CONCLUSION 
Outcomes presented in this chapter confirm significant change in vegetation patterns 
over the past 55 years at sites occupied by A. longifolia in south-west Victoria. 
These changes have included a shift in the geographic range of A. longifolia into 
inland vegetation communities as well as into non-traditional coastal communities 
such as heathlands. Net cover of A. longifolia has also increased across all sites, in 
both traditional and non-traditional habitat. Review of the historical literature 
suggests that the observed changes in both traditional and non-traditional vegetation 
communities are unique to the past century. The permanency of these changes is 
unknown. 
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Observed spatio-temporal variability in A. longifolia cover suggests that changes in 
disturbance regimes are a more likely explanation for observed changes than climate 
change or local-scale environmental variability. The next chapter will investigate 
whether changes in A. longifolia cover quantified in this chapter can be explained by 
disturbance history. 
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Chapter 5. Exploring the Role of Disturbance 
History in the Spread of A. longifolia 
5.1 INTRODUCTION 
Changes to disturbance regimes are commonly implicated in the recent spread of 
fire-sensitive native shrubs outside their previous range in temperate Australia. 
Altered fire regimes are the most commonly attributed cause, however more recently 
it has been suggested that grazing regimes have also played a role. In all cases, 
evidence to date has been largely anecdotal. This may be attributed largely to 
limitations associated with constructing only general disturbance histories for broad 
study areas. 
In Chapter 4, the change in distribution and aerial cover of the native weed A. 
longifolia was mapped across the southern part of the G1ene1g Plain. Results 
demonstrated that the species has shifted in range and increased in cover at the seven 
study sites investigated. It was also found that increases and decreases in the cover 
of A. longifolia varied across space and time, possibly suggesting the dynamics of 
the species may be driven by disturbance regimes rather than broader factors such as 
climate or environmental factors. 
In this chapter, the disturbance histories of A. longifolia and comparison sites are 
explored at the site scale in the Glenelg Plain bioregion. In an attempt to circumvent 
some of the common issues associated with relying on historical data sources, 
multiple lines of evidence were used. Investigations were made across three spatio-
temporal scales, and historical aerial photographs were integrated with other 
historical sources to reconstruct disturbance histories. The three investigations were: 
1) broad changes in disturbance regimes over decadal and century scales at sites 
occupied by A. longifolia; 2) comparison of disturbance histories at sites with 
negligible A. longifolia cover with sites where A. longifolia has increased in cover; 
and 3) linking of site-specific disturbance histories and A. longifolia cover in a 
spatially and temporally explicit manner over an approximate 65 year time period. 
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5.2 BACKGROUND 
Vegetation communities in temperate Australia have undergone significant changes 
in structure and composition in the 200 years since European settlement (Lunt 
1998b, Henderson and Keith 2002, Kirkpatrick 2004, Vesk and Mac Nally 2006). 
During this period, extensive tracts of native vegetation have been severely modified 
through clearing and altered disturbance regimes. A frequently reported change 
during the past two decades is the expansion and dominance of a number of fire-
sensitive native trees and shrubs in coastal and near coastal regions of south-eastern 
Australia (Burrell 1981, Molnar et al. 1989, Offor 1990, Kirschbaum and Williams 
1991, Bennett 1994, McMahon et al. 1994, Mullett and Simmons 1995, Lunt 1998a, 
Singer and Burgman 1999, Costello et al. 2000, Franco and Morgan 2007, Price and 
Morgan 2008). The factors driving these changes are not fully understood, but are 
almost always attributed to changes in disturbance regimes, particularly fire and 
grazing (Bennett 1994, McMahon et al. 1994, Singer and Burgman 1999, Costello et 
al. 2000). Without understanding the cause of the vegetation changes it is difficult 
for natural area managers to decide the most appropriate management action. To 
date, evidence for the link between changed disturbance regimes and native shrub 
proliferation has been largely speculative (Fensham and Fairfax 2002). 
According to Fensham and Fairfax (2002), a causal link has been difficult to 
establish due to the lack of a 'satisfactory environmental history and a suitable 
sampling strategy'. Whilst some studies have reconstructed disturbance histories to 
explain observed patterns, these have been general accounts of single, large study 
areas (Bennett 1994, Costello et al. 2000). Whilst an association between changes in 
disturbance history and changes in species abundance may be evident, it is difficult 
to confidently demonstrate the link in these studies due to the lack of replication and 
finer-scale spatial association. 
Lunt and Spooner (2005) suggest that a spatially and temporarily explicit approach 
could provide more valuable insight into the factors explaining present-day 
vegetation patterns than reconstruction of general histories. The integration of aerial 
photography with traditional data sources such as maps, photographs and historical 
literature has great potential to provide such information, yet has to date been largely 
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neglected in Australian studies (Fensham and Fairfax 2002). Typically, the different 
mediums are used independently (Lunt 2002). 
This chapter attempts to relate disturbance history to A. longifolia cover in a 
spatially and temporarily explicit manner using a combination of aerial photography 
and other historical data sources. The aim of this analysis is to determine whether 
changes in A. longifolia cover can be explained by disturbance history. As well as 
reconstructing the histories of the seven A. longifolia sites mapped in Chapter 4, the 
histories of seven sites where A. longifolia is currently absent or in negligible 
amounts are also reconstructed for comparison. Disturbance types investigated 
included: fire (cover, frequency), grazing (occurrence, intensity), clearing (cover), 
fragmentation of the surrounding area (cover), and roads/tracks (density). Questions 
of interest include: 
1 Have there been any significant changes in disturbance regimes at the study 
sites that coincide with the period of A. longifolia increase?; 
2 Is there any evidence for an association between changes in fire and grazing 
regimes, and the initial increase in A. longifolia distribution and cover?; 
3 Are their any obvious differences in the disturbance histories of sites which 
currently contain A. longifolia, and those which do not?; and 
4 Can changes in disturbance regime be associated with changes in A. longifolia 
cover at finer spatio-temporal scales? 
Answers to these questions will provide the basis for proposing a theory on the 
initial and ongoing spread of A. longifolia in the Glenelg Plain bioregion. 
5.3 METHOD 
A historical landscape approach was chosen to investigate the role of disturbance in 
the spread of A. longifolia in south-west Victoria due to the spatial and temporal 
scales involved (1000s of hectares over several decades). A combination of 
historical literature, aerial photographs, existing GIS data and historical maps and 
photographs were used to reconstruct disturbance histories. 
Three separate investigations were undertaken, each initially constructed at the 
individual site scale: 
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reconstruction of century and decade-scale disturbance histories at sites 
occupied by A. longifolia, using historical literature, maps, photos and aerial 
photography; 
2 comparison of disturbance histories of sites which currently have negligible A. 
longifolia cover (identified as 'non-A. longifolia sites') to those where A. 
longifolia has increased over the past 55 years ('A. longifolia sites'); and 
3 comparison of spatio-temporal disturbance histories and changes in A. 
longif olia cover at the site scale 
Note that in the description of methods, investigation three is described before two 
for ease of interpretation. Each investigation has a different spatio-temporal focus 
(Table 5.1). The first investigates whether A. longifolia sites have a similar 
disturbance history, and whether this history includes a change in disturbance 
regime coinciding with the observed period of vegetation change. The second 
compares the recent disturbance histories of A. longifolia and non-A. longifolia sites 
over the period that vegetation change has taken place. The third investigates 
whether changes in disturbance regimes at the individual site level coincide with 
changes in A. longifolia cover over the past fifty five years. 
Table 5.1 Spatial and temporal focus of the three investigations. 
Investigation Temporal focus Spatial focus A. longifolia occurrence 
No. 
1 0 - 200 + years Aggregate of seven A. longifolia sites 
sites (1 651 ha) 
2 0-55 years 2 x aggregates of A. longifolia and non-A. longifolia sites 
seven sites (3 330 ha) 
3 0- 55 years Individual sites A. longifolia sites 
(average 235 ha each) 
5.3.1 Selection of study sites 
The A. longifolia sites were those mapped in Chapter 4. These sites are distributed 
between 0 and 1 lkm inland within the Glenelg Plain bioregion. The average area of 
sites was 235 ha, although there was some between-site variation due to mapping 
limitations outlined in the previous chapter. All sites have experienced an increase in 
A. longifolia cover over the past 55 years (Chapter 4), and incorporate a range of 
broad vegetation types including Coastal Grasslands and Woodlands, Heathland, 
and Heathy Woodland. 
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5.3.2 Reconstructing century and decade-scale disturbance 
histories of A. longifolia sites 
The reconstruction of disturbance histories at A. longifolia sites was undertaken to: 
1) determine the longer-term disturbance history of each site and identify any 
obvious changes coinciding with contemporary vegetation changes, and 2) provide 
spatially-referenced disturbance information for linking this history with A. 
longifolia cover at the site scale (Section 5.3.3 and Section 5.3.4). 
Disturbance histories of the seven study sites were reconstructed at the site level due 
to the lower spatial precision of some data sources. The period of interest included 
the time since European settlement (c.1835 to today) and prior to European 
settlement where possible. The period covered by aerial photography was of 
particular interest for use in the later two investigations. Histories were 
reconstructed through searches of historical map and photo collections, historical 
literature, early settler's journals, contemporary reviews of regional history, 
archaeological studies, and discussions with local residents and land managers. 
Major sources that were searched included: the National Library of Australia Digital 
Map Collection, State Library of Victoria online picture collection, University of 
Melbourne online historical map collection, Australian Libraries database (includes 
maps, photos and literature), historical collections held at History House in Portland, 
History Collection at the Glenelg Regional Library in Portland, Historical Plan 
Collection at Land Victoria, and online scientific databases (Web of Know ledge, 
Science Direct). 
5.3.3 Linking disturbance history and A. longifolia cover at 
the site scale 
Quantitative and semi-quantitative disturbance histories were created for each site 
according to the time intervals for which A. longifolia was mapped in Chapter 4. Six 
categories of disturbance were quantified: physical/mechanical vegetation clearing 
(within the site), grazing intensity, physical/mechanical clearing surrounding the site 
(within 50 m), density of roads and tracks, and frequency of fire and fire coverage 
within the site (Table 5.2). Clearing and grazing categories were quantified using 
visual assessment of aerial photographs corroborated with reconstructed histories 
where available. Density of roads and tracks was calculated by direct digitization of 
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visible roads and tracks from aerial photographs for each site and time. ArcGIS 9 
(Environmental Systems Research Institute 2005) was used for on-screen 
digitization and calculation of road lengths, which were then converted to meters per 
hectare. Fire histories were determined using GIS data obtained from the 
Department of Sustainability and Environment (DSE) Corporate Geospatial Data 
Library (DSE 2005a). Where required, the time interval considered for A. longifolia 
cover mapped in 1947 was set at 1937 to 1947 since there was no baseline mapping 
for this interval. 
Table 5.2 Description of each disturbance category and how it was quantified. 
Category 
Clearing 
Estimated 
recent grazing 
intensity 
Clearing of 
surrounding 
vegetation 
Density of 
roads/tracks 
Frequency of 
fires 
Fire cover 
Description 
Evidence that woody 
vegetation has been 
mechanically removed 
since the previous period. 
Evidence of grazing and 
its intensity (exposed soil, 
cattle tracks, removal of 
vegetation cover 
independent of known 
clearing and fire events). 
Percentage of area 
immediately surrounding 
the study site (within 50 
m) cleared of vegetation 
(not including tracks and 
roads). 
Length of roads or tracks 
(meters) per hectare in the 
later observation year. 
Frequency of fire events 
per decade within the 
study area. 
Percentage of study area 
covered by fires within 
the time interval. 
Method of quantification 
Visual scoring from aerial 
photographs, with assistance of a 
grid overlay to approximate % 
cover cleared. Corroborated with 
known clearing histories. 
Visual scoring from aerial 
photographs. Corroborated with 
known grazing histories. 
Visual assessment of aerial 
photographs, with assistance of a 
grid overlay to approximate% 
cover cleared. 
Digitization of tracks from aerial 
photographs, calculation of total 
length, then division by the area 
(in hectares) of the site. 
GIS analysis using spatially 
referenced fire histories obtained 
from the DSE Corporate 
Geospatial Data Library (DSE 
2005a) and other sources where 
required. 
GIS analysis using spatially 
referenced fire histories from the 
DSE Corporate Geospatial Data 
Library (DSE 2005a) and other 
sources where required. 
Coding 
0=0-25% 
1= 26-50 % 
2= 51-75 % 
3= 76-100 % 
0= none 
1= light 
2= moderate 
3= high 
0= 0-25 % 
1== 26-50 % 
2=51-75% 
3== 76-100 % 
0== <25 m/ha 
1==26 - 50 ml ha 
2==51- 100 ml ha 
3==> 100 ml ha 
0== <0.5 fires/ decade 
1= 0.5 -1.4 fires/ 
decade 
2= 1.5 -2.4 fires/ 
decade 
3= >2.5 fires/ decade 
0= 0- 25% 
1== 26 - 50% 
2== 51 - 75% 
3== 76- 100% 
Each disturbance category was scaled from zero to 3 to indicate severity of 
disturbance coverage, frequency or intensity, depending on the category under 
107 
consideration (Table 5.2). This data was translated to a graduated colour for visual 
comparison in disturbance history tables, and then linked to site-scale changes in A. 
longifolia cover from Chapter 4. Where a particular disturbance was known to occur 
but unable to be quantified, this was recorded but no grading allocated. 
5.3.4 Comparing the disturbance histories of A. longifolia 
and non-A. longifolia sites 
Seven sites were selected in the Glenelg Plain bioregion to act as comparison sites 
where A. longifolia is currently absent or of negligible cover (Figure 5.1). All sites 
occurred within the same study region as the previous seven study sites and were 
selected on the basis of containing less than 1 % A. longifolia cover according to the 
distribution map from Emeny (2002). Each site was approximately 235 ha in area, 
similar to the average size of the seven A. longifolia sites. An attempt was made to 
select sites which covered similar vegetation communities and distances inland to 
those mapped in Chapter 4 (Table 5.3). However, the selection was partly limited by 
the fact that for some vegetation communities (e.g. Coastal Dune Scrub), no 
examples currently exist which match the selection criteria of less than 1 % A. 
longifolia cover. Descriptions of vegetation communities are summarised in Table 
5.3, with details provided in Appendix 1. All of the vegetation communities 
represented in non-A. longifolia sites currently contain A. longifolia in other parts of 
their range (Emeny et al. 2006). 
Table 5.3 Descriptions of comparison sites with negligible A. longifolia cover. 
Site 
number 
COMP-1 
COMP-2 
COMP-3 
COMP-4 
COMP-5 
COMP-6 
COMP-7 
Approximate 
distance 
inland (km) 
6 
11 
12 
12 
3 
1 
8 
Vegetation communities represented 
Heathy Woodland/Limestone Woodland mosaic 
Wet Heathland/Heathy Woodland mosaic, Damp-Sands Herb-
rich Woodland 
Damp-Sands Herb-rich Woodland/Heathy Woodland mosaic 
Damp-Sands Herb-rich Woodland/Heathy Woodland mosaic, 
Lowland Forest, Herb-rich Foothill Forest, Heathy Woodland 
Heathy Woodland/Limestone Woodland mosaic, 
Alkaline Dune Woodland 
Wet Heathland, Heathy Woodland 
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Figure 5.1 Non-A. longifolia comparison sites (red) alongside A. longifolia sites (black) in 
the study area. Non-A. longifolia site l=COMP-1, 2=COMP-2, 3=COMP-3, 4=COMP-4, 
5=COMP-5, 6=COMP-6. A. longifolia site l= T-MOUTH, 2= T-BAY, 3= M-NELSON, 4= 
M-CAPE, 5= M-DEANS, 6= NT-BULLEY and 7= NT-FLAT. Numbers do not correspond 
between the two groups. 
For each non-A. longifolia site, disturbance history was reconstructed according to 
the same process described above for A. longifolia sites (Section 5.3.3). For some 
non-A. longifolia sites however, less evidence was available from the historical 
literature due to the fact that most were not local landmarks and therefore less likely 
to be documented. The seven non-A. longifolia sites were numbered randomly and 
do not pair with A. longifolia sites i.e. the comparison is at the group level. 
5.4 RESULTS 
5.4.1 Century and decade-scal.e disturbance histories of A. 
longifo/ia-sites 
The disturbance history at each A. longifolia site was divided into six periods which 
broadly represented different phases in land use. These were: 1) pre-1800 to 1830s, 
representing the phase before European settlement and characterised by Aboriginal 
resource use and fire; 2) late 1830s to 1880, characterised by early European 
settlement and expansion of pastoral land use; 3) 1880s to late 1940s, characterised 
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by agricultural settlement and intensified land use; 4) 1950s to early 1970s, 
characterised by an initial intensification of grazing followed by a reduction in 
grazing intensity and the start of fire suppression activities; 5) late 1970s to 1990, 
characterised by management for conservation and recreation purposes and the 
removal of grazing and fire, and 6) 1990s to 2002, characterised by ongoing 
conservation and a slightly increased occurrence of fire at some sites. 
Whilst broad regional trends in disturbance regimes were evident in the historical 
literature, there were small variations in the type and timing of disturbance regime 
changes at each individual site. As such, though sites were similar, each site had a 
unique history of disturbance. Each will be discussed in tum, and a summary table 
provided following the detailed disturbance histories. Vegetation descriptions for the 
period preceding the aerial photograph record will be included where relevant. 
Sites T-MOUTH and T-BA Y: Discovery Bay Coastal Park 
Sites T-MOUTH and T-BA Y share the most common history due to their location 
along the Discovery Bay coastline. This part of the region experienced some of the 
greatest intensity of use in early settlement (Parks Victoria 2004). Where history is 
specific to each site, this will be indicated; otherwise the common history is 
described. Characteristics of T-MOUTH and T-BAY are shown in Figures 5.2 and 
5.3. 
Pre-settlement land use: pre-1800s to 1830s 
The coastal area adjoining Discovery Bay is thought to have had a long history of 
Aboriginal occupation and land use prior to European settlement, dating back at 
least 11 000 years (Parks Victoria 2004 ). During this time the Aboriginal people 
harvested the terrestrial and marine food resources and manipulated land resources 
using fire. Extensive shell middens along the coast (including T-MOUTH and T-
BAY) confirm the active use of this area (Parks Victoria 2004). Lourandos (1980) 
suggested that densities of 0.4 to 0.7 people per square kilometer existed in the 
coastal areas of south-west Victoria. Lourandos also suggested that unlike some 
inland areas where food supply was less reliable, semi-permanent base camps were 
established in these coastal areas, which would have attracted increased population 
densities over the summer months when food supply was more plentiful. 
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Figure 5.2 Characteristics ofT-MOUTH. 
Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004 ). 
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Figure 5.3 Characteristics ofT-BAY. 
Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004). 
Charcoal evidence taken from swamp cores adjacent to T-BAY and other coastal 
sites were interpreted by Head (1983, 1988) as indicating frequent, low intensity 
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burning by Aboriginal people in the local area for at least 6 000 years before 
European settlement. Both direct burning of swamp vegetation and surrounding 
dryland vegetation was evident (Head 1988). Godfrey (1983) similarly suggested 
that the swamps of Discovery Bay (adjacent to site T-BA Y) were burnt prior to 
harvesting of vegetation. Head (1983) suggests that the dryland burning was most 
likely used to maintain swamp access by clearing the surrounding coastal scrub. 
Lourandos (1980) agreed that fire was used strategically by local Aboriginals to 
enhance access to food resources. 
Early settlement and pastoral expansion: 1840s to 1880 
Following the first sea-based sighting of the area in 1800 (Grant 1800), there was no 
direct European contact for the next 36 years until a survey of the Glenelg River and 
surrounding region by the surveyor Major Mitchell (Mitchell 1836). In 1939, CJ 
Tyers surveyed the Nelson area and lower reaches of the Glenelg (Learmonth 1963). 
In 1842, a formed, unsealed road was established along the coast from Portland to 
Mount Gambier (Learmonth 1963, 1970), which passed through T-BA Y and 
adjacent to T-MOUTH (Tyers and Townsend 1840). Early maps confirm the 
presence of the track and telegraph line (Department of Crown Lands and Survey 
1866, Victoria Department of Mines 1869, Great Britain Hydrographic Department 
1876). It appears this was the only access route from Portland to Nelson at the time, 
and as such would receive all traffic travelling in this direction. An oblique view of 
the coastline indicates the coastline is a mix of bare and vegetated dunes (Great 
Britain Hydrographic Department 1876). 
The first settlement near T-MOUTH was in 1842 (Learmonth 1970). The coastal 
survey by Clarke (1851) shows very little development around T-MOUTH and the 
surrounding area, other than the above mentioned access track and a river crossing 
over the Glenelg River to the north of the site. The local native vegetation was still 
present around the township of Nelson, described by Clarke as 'timbered with 
Casuarina, Eucalypti [sic] and Banksia'. 
Pastoral settlement at T-MOUTH and T-BAY began in the early 1840s (Powell 
1970). T-BAY was part of a 151 000 acre property leased annually (Learmonth 
1970). A map of the coastline by Russell (1841) in the previous year identifies the 
site as 'sand hills and swamp', with 'good water' at the adjacent lake (now Lake 
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Monibeong). The presence of freshwater indicated suitability for settlement, and 
indeed the property homestead was established in close proximity to the lake. T-
MOUTH was part of a large property further west (Learmonth 1963, 1970, 
O'Gorman 1998). According to Kellaway and Rhodes (2002), Aboriginal 
communities had been displaced from this area by the 1850s. 
During the mid-1800s, most activity in the region was within the 'settled boundary' 
along the coast (Powell 1970). T-MOUTH and T-BAY were marked within this 
boundary in 1848 and 1850s maps (Powell 1970, O'Gorman 1998). The coastal area 
including T-MOUTH and T-BAY appear to have been considered suitable only for 
extensive grazing during this period. The 'Duffy Act' of 1862, which identified the 
best remaining agricultural land yet to be sold and to be released for more intensive 
use, excluded these coastal plains as they remained 'best suited ... to extensive 
livestock farming' (Powell 1970, p.91). At the time, this area was classified as 
'pastoral land, occupied' (Brookes 1864). This referred to land that was owned by 
the public and leased annually to pastoralists (Powell 1970). Later opportunities to 
subdivide land in 1865 still excluded areas to the far south-west of Portland, which 
continued as extensive pastoral land (Powell 1970). Powell (1970, p.123) notes that 
'the extreme south-west was still regarded as less attractive [for closer settlement]'. 
The lease of the property incorporating T-BA Y was reassessed annually, and was 
held by a number of graziers until 1876 when the lease was terminated (Learmonth 
1970, Billis and Kenyon 1974). 
Wattle bark was harvested from coastal areas between Nelson and Kentbruck 
(incorporating T-MOUTH and T-BAY) during the mid-1800s to early 1900s 
(Learmonth 1960, Huebner 1994). Although little physical evidence remains today, 
reports of the industry during its peak period suggest heavy harvesting of the key 
wattle species (Acacia mearnsii and Acacia pycnantha) over an extended period. 
According to Learmonth (1960), bark stripping began from the time Europeans first 
settled. The wattle bark tanning industry began in 1842, with at least four tanneries 
subsequently established in Portland (Learmonth 1960). Volumes of wattle bark 
fluctuated during this period (Harvey and Learmonth 1966, Kellaway and Rhodes 
2002), including extremely prosperous times (Kellaway and Rhodes 2002). Large 
volumes were exported; Learmonth (1960) reports of nearly 20 000 tons between 
1871 and 1884. During this period, Portland was known widely as 'Barkopolis' due 
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to the high volumes of exported bark (Kerr 1995). Stripping of the bark from trees 
resulted in large-scale dying out of wattle trees to the point that conservation 
measures were recommended (Learmonth 1960, Kellaway and Rhodes 2002). 
The dominant coastal tree species, Allocasuarina stricta was also widely cleared 
during early European settlement (Department of Crown Lands and Survey 1981, 
Head 1988), following at least 6 000 years of dominating the local vegetation (Head 
1983, 1988). During this period, Head (1988) detected a peak in the charcoal record 
near T-BA Y. She interpreted this as representing high intensity fires lit to assist 
clearing of forest vegetation for agricultural land. This peak was higher than any 
other during the 6 000 years studied. 
Closer settlement and intensified land use: 1880s to late 1940s 
Wattle bark stripping intensified through the late 1800s to early 1900s (Kellaway 
and Rhodes 2002) before declining and ceasing in 1935 (Kerr 1995). 
T-MOUTH was subject to closer subdivision and more intense use at the end of the 
1800s. A survey plan from 1880 titled 'Glenelg, Counties of Follett and Normanby' 
(author unknown) shows a smaller land title on T-MOUTH. Closer subdivision such 
as this was synonymous with increased clearing, burning and draining, which were 
required to meet government legislation for retaining land tenure (Kellaway and 
Rhodes 2002). According to Powell (1970), stocking of land with livestock was 
'almost a given' (p. 16) to secure tenure and that subdivision 'brought about more 
intensive use' (p. 20). Coastal allotments such as that on T-MOUTH were known for 
impacting vegetation cover through the selective feeding of stock and the later 
application of synthetic fertilizers (Department of Crown Lands and Survey 1981 ). 
T-MOUTH was omitted from an 1880 map of land yet to be closely settled 
(Department of Crown Lands and Survey 1880), confirming it was already under 
more intensive use. T-BA Y on the other hand was unsubdivided at that time, and 
identified as land suitable for more intensive agriculture and grazing. 
According to Huebner (1994), in the late 1800s, cattle and sheep were brought from 
inland to the coastal dunes during winter months. In the 1880s, coastal areas across 
south-west Victoria were experiencing severe destabilization of dunes, attributed to 
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widespread clearing, burning and grazing (Harvey and Learmonth 1966, Department 
of Crown Lands and Survey 1981). 
Rabbits emerged as an additional grazing pressure during the late 1800s to early 
1900s (Land Conservation Council 1972, Department of Crown Lands and Survey 
1981, Conley 1983, Huebner 1994, Glenelg Hopkins Catchment Management 
Authority 2000, Kellaway and Rhodes 2002). By the end of the 1800s, rabbits were 
a ubiquitous problem across Victoria (Harvey and Learmonth 1966). Huebner 
(1994) reported that the combination of rabbits, stock and introduced grasses had a 
detrimental impact on the coastal grasslands of Discovery Bay from the early 1900s 
onward. She reported that by the 1930s, rabbits had reached plague proportions. 
Towards the end of the 1800s, an attempt was made to stabilise the drifting sand 
dunes created through inappropriate grazing. Transcripts of the Portland Shire 
Council record that in 1899, the government provided funds for the planting the 
exotic marram grass to stabilise sand dunes at sites including the Discovery Bay 
coastal strip (Harvey and Learmonth 1966). Marram grass was again planted in and 
around T-BAY in 1934 and 1935 (Sharp and Arnold 1982). 
Recreational pressure at the two sites, particularly T-MOUTH, intensified from the 
1880s (Learmonth 1963, O'Gorman 1998). O'Gorman (1998) recorded that a 
newspaper article published in 1903 described the area incorporating T-MOUTH as 
an 'angler's paradise'. The access track through T-BAY continued to exist during 
the early to mid-1900s (Stott 1979, O'Gorman 1998). 
Fire was frequent in the coastal areas of the region during the early 1900s. Attempts 
at establishing wattle bark plantations in the late 1800s to early 1900s near T-
MOUTH and T-BAY were abandoned due to frequent fire (Huebner 1994, Kellaway 
and Rhodes 2002). Huebner also reported that following the establishment of 
Marram grass in the coastal dune areas, fires were deliberately lit and allowed to 
burn unimpeded to encourage new grass growth for feeding stock. 
According to Huebner (1994) nearly all human dwellings along the coast had 
disappeared by the 1950s, reducing the already small human population of the area. 
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Further grazing and a shift to public land management: 1950s to early 1970s 
Gibbons and Downes (1964) note an increase in sheep numbers in the region 
between 1955 and 1959, and that as a result land condition deteriorated further. 
They note that regional sheep numbers declined temporarily during the drought of 
1967 to 1968, before recovering to prior levels. Cattle numbers increased 
substantially following the drought (Gibbons and Downes 1964). Local historians 
recall grazing leases occurring along the coast between Nelson and Lake Monibeong 
during this period (Bennett pers. comm.). 
Aerial photographs of T-BA Y show clear evidence of grazing in the area north of 
the swamps in 194 7, and across the whole site in 1967. In 1967 low ground cover 
and shrubby vegetation is reduced dramatically and exposed sand is evident. As 
1967 was a drought year, it is possible that available vegetation was grazed and 
ground left exposed. A Department of Lands and Survey map from 1966 indicates 
private land tenure over much of T-BA Y. This is the first available map to show 
this, which is not indicated from the 1800s maps. Wetlands in the Discovery Bay 
area are also known to have been drained for agricultural purposes, including the 
swamp intersecting T-BAY (Head 1988, Parks Victoria 2004). Aerial photographs 
from 1947 and 1967 of T-MOUTH and adjacent land also show evidence of 
artificial drainage. 
Aerial photographs of T-M OUTH also show clear evidence of grazing in 194 7 and 
to a lesser extent 1967. Huebner (pers. comm.) remembers hunting rabbits on T-
MOUTH during the late 1960s to 1970s, and recalls the area being open grassland 
under private ownership. An inspection of sand-drift problems in the Discovery Bay 
sand dunes (including T-BAY and T-MOUTH) by government officials in 1967 
noted that natural regeneration of vegetation in the dunes was being restricted by 
stock and rabbit grazing (Sharp and Arnold 1982). At the time, there were issues 
with the integrity of boundary fences between private and reserved areas. A rabbit 
control program was initiated by 1968 (Sharp and Arnold 1982). 
Aerial photography also indicated that clearing of woody vegetation was still taking 
place at T-BAY between 1947 and 1967 (Figure 5.4) and T-MOUTH between 1967 
and 1972. 
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Management of the two sites for public purposes began in the 1970s (Frankenberg 
1971, Bird 1977, Land Conservation Council 1996). In 1970, both sites were 
included in a State Game Reserve managed by the government Department of 
Fisheries and Wildlife (Frankenberg 1971, Bird 1977). 
Early public land management was not necessary focused on conservation. The 
purpose of State Game Reserves was to protect the habitat of 'game' species 
(principally duck and quail) and allow 'game hunting' during declared seasons 
(Frankenberg 1971). Frankenburng (1971) notes that many State Game Reserves 
were severely impacted by clearing and grazing prior to their declaration, which is 
consistent with the history of T-BA Y and T-MOUTH. Grazing and frequent burning 
persisted into the early 1970s (Frankenberg 1971), although charcoal evidence from 
Head (1988) adjacent to T-BAY suggests fire intensity may not have equaled that 
during the early occupation phase. Frankenburg (1971 p.43) observed the erosion of 
dunes along this area of coastline ' ... as a result of grazing and burning'. She noted 
that 'the protection of vegetation from grazing and burning will be necessary if the 
eroded dunes are to be reclaimed' (Frankenberg 1971 p.45). The Land Conservation 
Council (1972) also noted at the time 'the vegetation [of Discovery Bay] has been 
subjected to grazing and fires for many years' and 'fire has certainly modified the 
vegetation' (p. 162). They describe the 'relics of former vegetation ... which [have] 
now been disrupted' (p. 162) and note that ongoing maintenance of dune vegetation 
would require ' ... the exclusion of sheep and cattle, as well as rabbit control and fire 
prevention' (p. 166). Gibbons and Downes (1964) earlier identified that prevention 
of fires would be a problem in the dry scrub of the secondary dunes of the Discovery 
Bay area once reserved. Seelinger and Zimmerman (1977) also reported that where 
land was previously grazed, frequent burning had been used to stimulate new 
pasture growth. 
Aerial photographs from 1972 at T-BA Y show several new fence-lines running 
perpendicular to the coast which were not apparent in 1967, confirming that the site 
was still being used for agricultural purposes for at least some of this period. 
Evidence of these fence lines can still be seen at T-BAY (Figure 5.5). 
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a) 1947 
Swamp 
b) 1967 
Swamp 
Figure 5.4 Evidence of clearing between 1947 and 1967 is visible at site T-BAY in the 
aerial photographs. Shown here is a section adjacent to the Long Swamp which in 1947 was 
covered in A. longifolia and other woody vegetation. 
Source: compiled by author using aerial photographs sourced from Qasco Vicimage, Melbourne. 
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Figure 5. 5 Evidence of a former fence line at T-B A Y. 
Source: Photograph taken by author, March 2006. 
T-MOUTH and T-BAY experienced some of the highest recreational use in the 
region during this period (Land Conservation Council 1972). Uses at the time 
included fishing and hunting (Land Conservation Council 1972). Nevertheless, the 
Land Conservation Council (1972) noted that recreation pressure along the 
Discovery Bay coastline was still low compared to reserves closer the Victorian 
capital of Melbourne. 
In 1974, the committee of management for the Discovery Bay area made a policy 
decision that no further vegetation removal or burning could occur on the dunes 
without committee permission (Sharp and Arnold 1982). Active management for 
dune stabilisation began again in the mid- l 970s, primarily via the planting of 
Marram Grass (Seelinger and Zimmerman 1977). Fertilizer was applied to new 
plantings (Seelinger and Zimmerman 1977), and it was noted that A. longifolia and 
the associated Olearia axillaris readily stabilised the treated areas (Seelinger and 
Zimmerman 1977). A. longifolia was recognised as a useful species for dune 
stablisation works at the time (Fitzsimons 1979). 
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Conservation and disturbance suppression: late 1970s to 1990s 
In September 1976, the Discovery Bay area was again re-categorized as a 'Site for 
Public Purposes' and came under the management of the National Parks Service 
(Sharp and Arnold 1982). Visitor numbers for the Discovery Bay reserve between 
1977 and 1978 were estimated at 26 500 (Newson and Saunders 1976). 
In the late 1970s, seed of A. longifolia was broadcast into dune areas as part of 
further dune rehabilitation programs (Sharp and Arnold 1982). Further application 
of fertiliser onto the dunes was considered (Sharp and Arnold 1982); however it is 
uncertain if this was carried out. 
According to Parks Victoria (2004 ), all remaining grazing in the coastal area 
incorporating T-MOUTH and T-BAY had ceased by 1979. In 1979, both sites were 
included in the Discovery Bay Coastal Park (Parks Victoria 2004). From this point, 
land management focused on conservation and restricted recreational activities 
(Parks Victoria 2004). Active fire suppression has ensured no fires occurred on 
either site from 1979 to the 1990s (DSE 2005a). 
Active rabbit control continued from the 1970s to early 1980s using a combination 
of poisoning, biological control, burrow fumigation and shooting (Sharp and Arnold 
1982), further contributing to reductions in overall grazing pressure. 
Ongoing conservation and recreational use: 1990s to 2002 
T-MOUTH and T-BA Y remain within the Discovery Bay Coastal park, which is 
managed for conservation and recreation (Parks Victoria 2004). Management 
activities include weed and pest animal control, and management of vehicle access 
(Parks Victoria 2004 ). Pest animal species include the rabbit and fox (Parks Victoria 
2004 ). The two sites remain popular with recreational fishermen, surfers and 
walkers. 
Discovery Bay Coastal Park remains narrow (average 2km across) and susceptible 
to adjacent land use (Parks Victoria 2004). T-MOUTH is accessible by a sealed 
road, and includes walking tracks through most of its area. T-BA Y is accessed by an 
unsealed road, and includes a single main walking track running east to west through 
its centre. 
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Both sites have remained free from fire during this period (DSE 2005a). T-BA y is 
still grazed by large groups of kangaroos. 
Summary of disturbance histories at T -MOUTH and T -BAY 
The disturbance histories of T-MOUTH and T-BA Y have included a number of 
significant changes since European settlement (Tables 5.4 and 5.5). Prior to 
European settlement, the prevailing disturbance regime included low intensity, 
frequent fire and harvesting of plant and animal material by Aboriginal people. 
Early European settlement introduced extensive grazing by domestic stock and 
clearing of woody vegetation. The frequency and intensity of grazing, clearing and 
fire increased towards the end of the 1800s and into the early 1900s, to the point that 
dune vegetation was significantly de-stabilised. Fire was employed during this 
period to assist in clearing of woody vegetation, which appears to have resulted in 
more intense fires than under Aboriginal management. Later use of fire on 
grasslands continued to be frequent, but probably at a lower intensity. Grazing 
appears to have intensified again from the early to mid-1900s as the two sites were 
subdivided from larger pastoral properties. The introduction of rabbits in the late 
1800s added to grazing intensity for several decades. In the 1970s the sites were 
protected for conservation purposes, which Jed to the complete exclusion of both 
stock grazing and fire. 
Of the seven sites, T-MOUTH and T-BAY have the most similar history, and share 
the same broad phases of disturbance history. However, small variations in the 
timing of disturbance regime shifts were noted. T-MOUTH appears to have been 
converted from extensive pastoral use to more intensive grazing at an earlier date 
(1880s) than T-BAY (early 1900s). As a result, by 1947 T-BAY still retained more 
woody vegetation cover than T-MOUTH, and although disturbed, had a resemblance 
to the native dune vegetation. Further clearing and increased grazing then took place 
between 1947 and 1967 at T-BAY. A second wave of clearing at T-MOUTH 
occurred between 1967 and 1972. The peak in intensive fires early in European 
settlement at T-BAY may not have affected T-MOUTH to the same extent due to it 
proximity to the Nelson township, although no direct evidence for this exists. 
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It is also interesting to note that A. longifolia was actively seeded at these sites. The 
source of the seed is unknown, and such direct seeding was not recorded at other 
sites. 
Table 5.4 Disturbance history summary of T-MOUTH. 
Period Evidence of disturbance 
Fire Grazing Grazing- Mechanical Recreational Other 
events -stock rabbits clearing activities 
>1 per 
decade 
Pre-1800 to 1830s 
./ x JC x JC Food 
harvesting 
1840s - 1880s 
./ ./ JC ./ x Road access 
1880s - 1940s 
./ ./ ./ ./ ./ Road access, 
exotic grasses 
1950 - early 1970s 
./ ./ ./ ./ ./ Road access 
Late 1970s - 1990 JC JC ./ JC ./ Road access, 
fertilizer, 
rabbit control, 
exotic grasses 
1990s- 2002 x JC ./ JC Road access 
,/ = disturbance documented Jc= evidence that disturbance absent 
Table 5.5 Disturbance history summary of T-BA Y. 
Period Evidence of disturbance 
Fire Grazing Grazing- Mechanical Recreational Other 
events - stock rabbits clearing activities 
>1 per 
decade 
Pre-1800 to 1930 
./ JC JC JC JC Food 
harvesting 
1840s - 1880s 
./ ./ JC ./ JC Road access, 
exotic grasses 
1880s - 1940s 
./ ./ ./ ./ ./ Road access 
1950 - early 1970s 
./ ./ ./ ./ ./ Road access 
Late 1970s - 1990 JC JC ./ JC ./ Road access, 
fertilizer, 
rabbit control, 
exotic grasses 
1990s - 2002 JC JC ./ JC Road access 
./ = disturbance documented Jc= evidence that disturbance absent 
Site M-NELSON: Vegetation in the Nelson township 
Relatively little site-specific history of M-NELSON could be located. M-NELSON 
falls between the Nelson township and Lower Glenelg National Park (Figure 5.6). 
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Figure 5.6 Characteristics ofM-NELSON. 
Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004). 
Pre-settlement land management: pre-1800s to early 1830s 
Although the pre-settlement history of M-NELSON is difficult to reconstruct, it 
appears that the site was within the 'Tarrerwung gundidj ' Aboriginal clan boundary 
at the Glenelg River mouth (Clark 1990). An early map indicates a 'Burial Ground 
of Aborigines' (Clarke 1851a) within the site. 
The regime oflow intensity, frequent firing of vegetation interpreted from coastal 
sites in the region (Head 1988) may have incorporated M-NELSON as it is within 
3km of the coastline, however no direct evidence was found. 
Early settlement and pastoral expansion: 1840s to 1880s 
Pastoral occupation spread into the area incorporating M-NELSON between 1840 
and 1844 (Powell 1970, Peel 1974), the site falling within the 'Moniboeng' pastoral 
runs (O'Gorman 1998). An early map of the area depicts it as still maintaining native 
vegetation cover, described as 'well grassed, timbered with Casuarinae and 
Eucalptii [sic]' (Clarke 1851 a). Such vegetation was often targeted as grazing land 
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(Glenelg Hopkins Catchment Management Authority 2000). The site was within the 
settled boundary by the mid-1800s (O'Gorman 1998). 
As noted for site T-MOUTH, the first house was built in Nelson in 1850 (Learmonth 
1963), followed closely by the surveying of the township in 1851 (O'Gorman 1998). 
Prior to this, it contained only a hotel which acted as a traveller's stop between 
Mount Gambier to the west and Portland to the east. As M-NELSON occurred very 
close to the original township and was comprised of an open vegetation structure, it 
is quite possible that it was used for livestock grazing by those travelling through 
with horses and other stock. 
In the 1851 map of Nelson by surveyor Lindsay Clarke, M-NELSON appears to be 
part of a larger 'Township Reserve' (Clarke 185la). Such township reserves were 
set aside for the purpose of allowing for subsequent town expansion and public use, 
and often acted as a 'town common' for grazing purposes (Sattler and Creighton 
2002). A map of public land allocated for closer agricultural use and settlement in 
the 1860s excluded M-NELSON (Brookes 1864), which was in the broad region 
retained for extensive pastoral use under annual licence (Powell 1970). 
Closer settlement and intensified land use: late 1880s to early 1900s 
A map produced by the Victorian Department of Crown Lands and Survey in the 
1880s shows M-NELSON as part of the Nelson township (Department of Crown 
Lands and Survey 1880). The proximity to the settled area suggests that the site was 
affected by the increased recreational pressure from the 1880s (Land Conservation 
Council 1972). By the first decade of the 1900s, Nelson was well known as a 
recreational fishing village (Kellaway and Rhodes 2002). 
It is almost certain that the rabbit populations emerging in the late 1800s and 
reaching plague proportions by the 1930s (Huebner 1994) affected M-NELSON, as 
they would have been concentrated in open grassland areas at the time. 
It appears that the site was cleared of woody vegetation at some point during this 
period. Garnet (1947b) described the Nelson township area as 'open grassland' and 
'once-cleared paddocks which are quickly re-colonized by some of the indigenous 
flora'. It is apparent that M-NELSON was cleared of the Allocasuarina and 
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Eucalyptus trees depicted on the early survey by Clarke (1851). Swamp cores taken 
from coastal swamps lOkm to the southeast of M-NELSON depict a sudden 
reduction in the presence of Allocasuarina pollen after nearly 6 000 years of 
dominating the local vegetation (Head 1988). Coinciding with this change was a 
peak in charcoal levels, interpreted as representing an increase in intense fires used 
to clear the woody vegetation for agricultural purposes (Head 1988). 
The site was partially affected by floods in 1946 (O'Gorman 1998). 
Ongoing use and the absence of fire: 1950s to early 1970s 
The open nature of the site was maintained until the 1970s. Digital logging histories 
(DSE 2005b) indicate that the site was within an area selectively logged between 
1958 and 1975. The Land Conservation Council (1972) noted that this logging was 
of low intensity. Huebner (1994) records clearing a forest block immediately to the 
east of M-NELSON in the 1960s and describes the surrounding area as being 
already open grassland, 'mostly clear of scrub and retained vegetatively diverse 
herbaceous grassland species'. Huebner (1994) also reports that mobs of sheep 
continued to exist in the forest area including M-NELSON until the late 1960s 
(Huebner pers. comm.). These sheep were periodically herded by owners on 
horseback. Although no direct reference to the grazing of M-NELSON could be 
located, aerial photographs from 194 7 and 1967 show evidence of grazing, with 
narrow tracks cutting through the site and patches of exposed ground. 
In 1973, M-NELSON was recommended for categorization as 'uncommitted land' 
rather than part of the park and reserve system (Land Conservation Council 1973), 
suggesting an intention for uses other than conservation. The 1972 aerial photograph 
of the site shows evidence of mechanical clearing in a section of the site, which 
becomes a caravan park visible in the 1981 and 1986 aerial photographs. 
There were no fire events recorded for the period covering 1940 to the early 1970s 
(DSE 2005a). 
Removal of stock and ongoing fire suppression: late 1970s to 1990s 
Digital fire histories (DSE 2005a) indicate that the extreme north-eastern comer of 
the site was affected by wildfire in 1979. 
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Huebner (pers. comm.) is confident that any potential grazing by stock was removed 
by this time. 
Public use with fire and grazing suppression: 1990s to 2002 
M-NELSON is today considered a 'Forest Park', and continues to exist for public 
purposes. No stock grazing occurs within the site. The caravan park remains, as does 
a small cemetery (date of establishment unknown, but likely to be during early 
township settlement). The absence of fire has continued through this period. 
Summary of disturbance history at site M-NELSON 
The documented disturbance history of site M-NELSON is patchy, however 
includes: a shift from Aboriginal land management to pastoral use in early European 
settlement; clearing of woody vegetation, including logging in the mid-l 900s; 
periodic grazing by stock; public access, a recent reduction in fire frequency and a 
recent level of protection as a State Forest (Table 5.6). 
Table 5.6 Disturbance history summary of M-NELSON. 
Period Evidence of disturbance 
Fire events Grazing- Grazing- Clearing Recreation Other 
>1 per stock rabbits activities 
decade 
Pre-1800 to 1930 ? J( JC JC JC Settlement and . burial ground 
1840s - 1880s ? 
./ JC ? JC 
• . 
1880s - 1940s ? 
./ . ./ ./ ./ Floods 
1950- early 1970s JC ./ ./ ./ ? Road access 
• 
Late 1970s-1990 JC JC ? JC ? Caravan park, road 
• . access 
1990s-2002 JC JC ./ JC ./ Caravan park, road 
access 
./ = disturbance documented X= evidence that disturbance absent ? = no direct evidence 
available 
Site M-DEANS: Deans Heath, Bald Hill and Cape Grant 
Site M-DEANS encompasses three local landmarks: Cape Grant (south-eastern 
cape), Dean's Heath (central section) and Bald Hill (north-western section) (Figure 
5.7). 
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Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004). 
Pre-settlement land management: pre-1800s to early 1830s 
Archaeological evidence suggests that M-DEANS has a history of direct Aboriginal 
land resource use, with extensive middens discovered on Cape Grant (Department of 
Crown Lands and Survey 1981). 
Charcoal analysis from swamp cores taken at sites 20 to 50km to the northwest of 
M-DEANS suggest the regional terrestrial fire regime in the 6 000 years prior to 
European settlement to be characterised by frequent, low intensity fire (Head 1988). 
Hill (2005) suggests that fire occurred at a frequency of 5 to 10 years at the M-
DEANS site. Clark (1990 p.33) reports that when the first permanent European 
settlers arrived in Portland in the late 1830s, the local Aboriginal clans used their 
'traditional burning-off processes' for the purpose of deterring the settlers. Fires 
observed by Grant in December 1800 (Grant 1800) were also in proximity to M-
DEANS. 
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Early settlement and pastoral expansion: 1840s to 1880s 
M-DEANS was in close proximity to the first permanent European settlement 
(Portland) of what is now the State of Victoria. The exact period in which pastoral 
occupation came to this site is recorded inconsistently. Peel (197 4) records pastoral 
expansion coming to this area between 1834 and 1836, whilst Powell (1970) 
suggests it was between 1841 and 1843. Further cartographic evidence from Powell 
(1970) suggests that the reason for this lack of consistency is one of scale - whilst 
most of the region surrounding the site is occupied during the earlier period, the site 
itself was occupied slightly later, possibly due to the harsher coastal exposure. It 
appears extensive pastoral use was far more likely than intensive use during this 
period. A map of public land to be opened for more intensive agricultural use in the 
1860s excludes M-DEANS, which is instead retained as extensive pastoral land held 
in annual lease (Powell 1970). The scale of such maps however is such that it is 
unsure if the site itself was used for this purpose, or just the broader surrounding 
region. In any case, it would appear grazing was not intensive. 
A survey map by Clarke (1850) indicates the site is free of any structural 
development or significant roads. The main travelling road out of Portland at the 
time by-passes the site (Clarke 1850). Early descriptions from this period suggest 
vegetation on the northern section to be largely unsuitable for grazing, being 
variously described as 'sand hillocks, heath and swamp' (Clarke 1850), 'heath and 
swamp' (Great Britain Hydrographic Department 1845) and 'heath' (Tyers and 
Townsend 1840). 
An early description of Cape Grant notes the vegetation as being 'moderately high, 
much wood' (Grant in Learmonth 1934 p.4). Sandy heaths, swamps and dense forest 
were overlooked in settlement schemes of the mid to late 1800s (Powell 1970). In 
the 1840s to 1850s, lime was burnt at nearby Cape Bridgewater. The furnaces were 
fired using local Allocasuarina trees (Department of Crown Lands and Survey 
1981). The source area for these trees is likely to have incorporated M-DEANS due 
to its proximity. 
Rabbits were introduced near M-DEANS prior to 1868 (Harvey and Learmonth 
1966). Local government documentation at the time described the 'malicious act' 
(Harvey and Learmonth 1966 p.34) of rabbits being released on the sand dunes, 
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which subsequently multiplied. It was noted 'the land is unfit for purposes of 
cultivation, so that the rabbits cannot be said to do any damage' (Harvey and 
Learmonth 1966 p.34 ). This also suggests that if the land were used for agriculture, 
it would have been limited to occasional extensive grazing, not intensive land use as 
the soil was unsuitable. 
It appears that during the late 1800s, control of wildfires was limited. According to 
Portland Shire Council transcripts from 1875 'the only thing the fire brigade 
extinguished during ... 20 years was themselves' (Harvey and Learmonth 1966 p.38). 
Closer settlement and intensified land use: late 1880s to 1940s 
The assessment of remaining Crown Land yet to be closely settled in the 1880s 
classifies the Cape Grant section of M-DEANS as suitable for being 'reserved', 
suggesting native vegetation cover was maintained to this time (Department of 
Crown Lands and Survey 1880). The remainder of the site is shown as 'may be sold 
at auction'. 
Intensification of agricultural use of the site appears to have occurred from the early 
1900s. Transcripts of the Portland Shire Council in 1907 record the start of 
agricultural intensification at heathlands near Portland, including M-DEANS 
(Harvey and Learmonth 1966). The records read 'great interest in Mr Finches 
heathland on Heywood Road; followed with mallee roller; ploughed with stump-
jump plough, then successfully sown down; the opening of the heath 
country ... Ministerial Party inspect the heath lands at Cape Grant and Cashmore and 
take evidence ... Local Land Board allotted blocks on heath land south of the town 
[Portland] to various applicants' (Harvey and Learmonth 1966 p.65-66). These 
likely included the land marked 'may be sold at auction' in the earlier maps. The 
conversion of large tracts of heathland in the region for agricultural purposes took 
place in 1908 (Harvey and Learmonth 1966). According to Powell (1970), 
conversion of scrub/heath land for agriculture involved rolling followed by burning 
to remove woody vegetation. However, lots tended to be larger than elsewhere and 
intensive cultivation was rare (Powell 1970). 
Clearing and fire events were still common in the early 1900s. A botanical trip from 
Portland to Cape Nelson by Audas (1917) records' ... a good deal of the scrub land 
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in this locality has been divided into small holdings, and the beautiful flowering 
plants destroyed by fire in the act of clearing' (p.165). However, Audas also notes 
' ... there yet remain some areas where the native flora may be seen in its original 
beauty' (p.165), suggesting some areas were less effected than others. 
It appears the rabbits introduced in the 1800s continued to exist in enormous 
numbers into the early 1900s. Approximately 700 000 rabbits were received at the 
abattoirs in Portland in 1916, compared to 100 000 sheep (Audas 1917). 
A survey map c.1920 shows Cape Grant as a recreation reserve with an access road 
running along the north east boundary of the site. The very southern edge adjacent to 
Dean's Heath and Bald Hill were reserved for public purposes. The remainder of the 
site is marked under separate land titles, indicating a likelihood of grazing (Powell 
1970). The name 'Dean's Heath' is in fact derived from the landholder who once 
owned the site (Bennett pers. comm.). Comments later added to the map indicate the 
upper north western corner as 'Water supply, public recreation and trig. station 
purposes'. Survey maps from 1949 (Department of Lands and Survey 1949) and 
later in 1976 (Land Conservation Council 1996) show the same land tenure details 
i.e. a mix of public and private land ownership. 
Fire records covering the period 1930 to 1950 imply no fires occurred at the site 
during this period (DSE 2005a). 
Reduction in grazing intensity and active fire suppression: 1950s to 1970s 
A map of public land distribution in 1970 omits M-DEANS (Land Conservation 
Council 1996). Garnet (1947b p.77) described the' ... many plant communities that 
are in danger of extinction through the more intensive agricultural development of 
the Portland heathlands'. Vegetation on Dean's Heath was bulldozed in the late 
1960s and grazed (Pritchard pers. comm.). According to Costello et al. (2000) this 
grazing continued until the 1970s. The 1967 aerial photograph of the site shows the 
start of this process, with sections cleared in the north of the Deans Heath section. 
In 1969 and 1970, the southern tip of Cape Grant (outside current study site) was 
quarried for agricultural lime, processing 76 548 tonne (Land Conservation Council 
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1972). A photo dating from the 1960s confirms infrastructure development on Cape 
Grant, including a building and pipeline. 
Digital fire records and other sources (DSE 2005a, Hill 2005) suggest no fires 
occurred during the period 1950s to 1970s. 
Mixed use with fire and grazing suppression: 1970s to 1990s 
No fires were recorded between the 1970s and 1990 (DSE 2005a, Hill 2005), 
continuing the absence of recorded fires since the 1930s. 
An aerial photograph taken in 1977 and published by the Department of Crown 
Lands and Survey (1983) shows the result of the substantial clearing of the Deans 
Heath section of the site that occurred from the late 1960s. Cape Grant and a narrow 
section adjacent to the coastline are still marked as reserved (Department of Crown 
Lands and Survey 1983). The Bald Hill area has a water supply building established, 
and it is recommended in the document that the southern section of the Bald Hill 
block be managed as a buffer to the coastal reserve (Department of Crown Lands 
and Survey 1983), suggesting a higher quality of vegetation was maintained in the 
reserve. Narrow tracks also run through all sections, particularly the Deans Heath 
area. 
Beauglehole (1986 p.1) describes the 'tragic decline within communities of the Point 
Danger area [to immediate east of M-DEANS] ... due to ... farms, aerodrome, 
aluminium smelter, foreign tree and shrub plantations, rifle range, roads, 
tracks ... what was several hundred hectares of prime unique coastal wet heathland is 
now reduced to mere fragmented remnants'. 
Conservation with a slightly increased occurrence of fire: 1990s to 2002 
At present M-DEANS is divided into a number of management units, with several 
different land managers (McMahon et al. 1994, Hill 2005). Only the coastal fringe 
and part of Cape Grant is a public reserve, however most of the site is managed for 
conservation purposes. The quarry is still in operation at Cape Grant, and powerlines 
run from the quarry through the south-east to north-west axis of the site. 
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A number of small fires occurred on the site in 1993, 1995, 1997 and 2000 
(McMahon et al. 1994, Hill 2005, Prichard pers. comm.). One small area was burnt 
twice during the 1990s using prescribed fire, in 1993 and 1997 (Hill 2005). 
According to Hill (2005) the successive bums have been successful in reducing A. 
longifolia cover on the site, although grass rather than heath replaced areas that were 
previously covered in dense A. longif olia. A hot wildfire in 1997 occurred in the 
Cape Grant section of M-DEANS. Hill (2005) noted that stands of A. longifolia 
were killed in the fire, and regeneration has depended on the intensity reached at 
finer scales. Some sections have returned to heathland vegetation (moderate fire 
intensity), others have been reduced to grass (highest fire intensity) and some areas 
have returned to A. longifolia (lower fire intensity) (Hill 2005). Another small area 
in the northern section of M-DEANS and previously covered by A. longifolia was 
slashed, woody vegetation pilled up, and burnt using prescribed fire in 2000 (Hill 
2005). 
Slashing of A. longifolia has also taken place in some sections in an attempt to 
control A. longifolia, with variable success (Clay and Schneider 2000, Hill 2005). 
Aerial photographs suggest that attempts to manage A. longifolia through clearing 
and establishment of fire breaks for prescribed burns have actually increased the 
level of fragmentation within the site between 1992 and 2002. 
There continues to be evidence of rabbits at the site, including A. longifolia seed 
germinating from their scats (Prichard pers. conun.). A number of walking tracks are 
maintained through the site, including part of the regional 'Great South West Walk'. 
Summary of disturbance history at M-DEANS 
M-DEANS has passed through a similar sequence of disturbance regime changes as 
sites T-MOUTH and T-BAY, although with a few significant differences (Table 
5.7). As with T-MOUTH and T-BAY, the pre-European settlement disturbance 
regime included frequent fire and harvesting of food resources. Early European 
settlement was also characterised by broad scale clearing, grazing and burning, 
which intensified from the early 1900s. Rabbits also represented a significant 
grazing pressure from the mid-1800s to mid-1900s. Partial preservation of the 
coastal fringe and Cape Grant occurred from the early 1900s for public purposes. 
Fire frequency was reduced to zero between th~ 1930s and early 1990s. Between 
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1993 and 2000 however, a number of small prescribed bums and a wildfire affected 
the site, representing an increase in fire frequency and coverage. Mechanical 
clearing affected the site in the 1960s and 1970s, and again between 1992 and 2002 
through the creation of fire breaks and use of slashing to control A. longifolia. 
Fragmentation of the site increased between 1992 and 2002. 
Table 5.7 Disturbance history summary of M-DEANS. 
Period Evidence of disturbance 
Fire Grazing- Grazing- Clearing Recreational Other 
events stock rabbits activities 
>1 per 
decade 
Pre-1800 to 1830s ~ JC x JC x Harvest of food 
resources 
1840s - 1880s ~ ~ ~ ~ ? 
• 
1880s - 1940s ~ ~ ~ ~ ~ Public purposes 
reserve 
1950 - early 1970s x ~ ? ~ ? Quarry to south 
• . 
Late 1970s - 1990 x x ? ./' ? Building established 
• . on Bald Hill, tracks 
1990s- 2002 ~ x ~ ./' ? 
• 
¥ = disturbance documented Jc= evidence that disturbance abse11t 
? = no direct evidence available 
Site M-CAPE: Cape Nelson 
Site M-CAPE is known locally as Cape Nelson and currently incorporates the Cape 
Nelson State Park, Commonwealth Lighthouse Reserve, and an area of privately 
grazed land (Figure 5.8). 
Pre-settlement: pre-1800s to 1830s 
As with much of the south-west coastline, the Cape Nelson area is believed to have a 
long pre- European Aboriginal history (Parks Victoria 2004). Middens found on the 
Cape support this (Department of Crown Lands and Survey 1981). The local fire 
history represented in soil cores from the nearby Bridgewater Lakes area (Head 
1988) may also apply to Cape Nelson. These suggest relatively frequent, low 
intensity fires for at least 6 000 years prior to European settlement. Navigator Grant 
(1800) noted 'many fires' in the area between Cape Nelson and Cape Bridgewater 
during a summer charting of the coastline. 
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Figure 5.8 Characteristics of M-CAPE. 
Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004 ). 
Early settlement and pastoral expansion: 1840s to 1880s 
M-CAPE was settled for pastoral purposes during the early 1840s (Powell 1970). 
The site does not appear to have been intensively used at this time. Maps and 
descriptions dating from 1850 and 1866 describe the nature of the area as 'sand 
hillocks, heaths and scrub' to the north (Clarke 1850) (Figure 5.9), and 'very dense 
scrub and heavy timber' to the southern tip (Department of Crown Lands and 
Survey 1866) (Figure 5.10). There is no formal road access to the site at this time. 
Most land subdivision between 1850 and 1886 occurred on sites of higher soil 
quality (Clarke 1851a). The map of land to be opened up for more intensive 
agricultural use in the 1860s excludes M-CAPE, which is identified as extensive 
pastoral land (Brookes 1864). A survey plan from 1879 (Victorian Department of 
Crown Lands and Survey 1879) confirms M-CAPE to be free from smaller 
agricultural allotments. A plan view of the site further suggests the Cape is still 
vegetated at the time (Great Britain Hydrographic Department 1876). 
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Figure 5.9 A map by Clarke (1850) indicates that M-CAPE and M-DEANS were not 
intensively farmed at the time. No land titles covered these sites, and better 'well-grassed' 
land was available elsewhere close to the early settlement of Portland. 
'Sand hummocks timbered 
with Casuarina' 
,,..,.,, M·DEANS 
'Swamps' 
Figure 5.10 A map by the Department of Crown Lands and Survey (1866) indicates the 
extreme cape of Cape Nelson (M-CAPE) remains free of subdivision and is well vegetated. 
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Closer settlement and intensified land use: 1880s to early 1940s 
In 1884 a lighthouse was built on the southern extremity of Cape Nelson (Parks 
Victoria 2004). A small number of residences and shops were built at the same time 
(Department of Crown Lands and Survey 1981 ). Local historian Bennett (pers. 
comm.) notes that the surrounding land would have been grazed by horses owned by 
the lighthouse keepers. Photographs taken in 1887 show stone walls erected around 
the lighthouse area, which may have been used to enclose stock (Figure 5.1 la). 
There is reasonable vegetation cover surrounding this occupied area, comprised of 
grass and low shrubs or trees. A track can be seen cleared through the vegetation, 
which shows evidence of recent use via a horse-drawn cart (Figure 5.1 lb). The site 
was also used to supply building stone during early settlement (Department of 
Crown Lands and Survey 1981). 
The map by the Victorian Department of Crown Lands and Survey from 1880 
depicting land yet to be closely subdivided indicates classified M-CAPE into the 
category 'may be sold as auction' (Department of Crown Lands and Survey 1880). 
This indicates the site was not being used intensively at the time, but was being 
considered for this purpose. It was not recommended for conservation status. 
A survey map c.1920 shows most of the site was by then within a private property 
title, which indicates more intensive agricultural use occurred at some point between 
the 1880s and early 1900s. The same map also shows a small strip of land along the 
cliff-top that was not included in the property title, and appears to be for public 
purposes. 
Relatively little has been recorded on the use of the site in the early 1900s. An 
article from 1917 (Audas 191 7 p .161) notes that the Portland area at the time was 
'not well known to the average tourist'. 
In 1939, the entire site was burnt in the 'Black Friday' fires. According to Stott 
(1979) these fires were so intense that tree canopies were completely removed and 
the ground void of any understorey vegetation. According to the Department of 
Crown Land and Survey (1981 p.67), a ground fire in a vegetation community such 
as that occurring at Cape Nelson would 'probably consume the crowns which would 
take 50 to 60 years to recover'. 
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a) 
Figure 5.11 a) Cape Nelson lighthouse in 1887. Low vegetation (probably a combination 
of Eucalyptus diversifolia and small shrubs) is evident in the foreground. b) A track in the 
low right hand corner appears to have been recently used by a horse and carriage. 
Source: Historical Photo Collection, History House, Portland. 
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Changes in grazing intensity and active fire suppression: 1950s to 1970s 
A survey plan from 1963 shows most of the site occupied under private land 
holdings (Department of Lands and Survey 1963). At the time a sheep grazier 
owned the land which is now Cape Nelson State Park. In the late 1960s, mostly in 
1968, large sections of the site were cleared for agriculture (Calder 1990). The first 
area cleared is evident in the 1967 aerial photograph of the site (Figure 5.12). The 
final extent of clearing during the 1960s can be seen on a 1977 aerial photograph of 
the site published by the Department of Crown Lands and Survey (1981). The final 
area cleared and grazed is still obvious in the 1981 aerial photograph of the site 
(Figure 5.12). A local historian confirms the northern section of Cape Nelson was 
farmed (Bennett pers. comm.). According to Parks Victoria (2000b), grazing 
affected most if not all of the study site area now under park status. Grazing was 
removed by 1979. 
Recovering, 
although 
further clearing 
between 1967 
and 1970s is 
evident 
Private 
land further 
cleared 
1981 
Low heath 
Vegetation 
returning 
following 
grazing 
removal 
Figure 5.12 Clearing between the 1960s and 1970s is evident on aerial photographs of the 
site from 1967 and 1981. 
Source: photographs obtained from Qasco Vicimage, Melbourne. 
A further section in the south-west of the site was incrementally cleared between the 
1960s and 1990s, and remains a private grazing property today. 
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In the 1963 survey plan, a narrow section running approximately 300 m parallel to 
the coastline was excised for public purposes, and the southern tip around the 
lighthouse is reserved under the management of the Commonwealth of Australia 
(Department of Lands and Survey 1963). 
A map of Public Land distribution in south-west Victoria during 1970 reveals that 
most of M-CAPE remained unreserved at the time (Land Conservation Council 
1996). By 1972 the site was known for attracting visitors to the lighthouse and cliffs 
(Land Conservation Council 1972). However, the Land Conservation Council 
(1972) note that traffic was still not heavy due to the poor condition of the access 
road at the time. 
No fires occurred on the site during this period, the last fire being in 1939. 
Conservation phase with strict disturbance suppression: late 1970s to 1990s 
A survey map from 1976 (Victorian Division of Survey and Mapping 1976) shows 
the southern section of the property that was privately owned in 1966 reclassified as 
Crown Land. The lighthouse remains, listed as 'deemed reserved', as does the 
narrow section along the coast, listed as 'Scenic Road and Public Purposes Reserve'. 
Newson and Saunders (1976) reported that there were approximately 1 000 visitors 
to the park during 1977 and 1978, which was considered a low intensity of use 
compared to most other parks in Victoria at the time. 
In 1979 the 210 ha of crown land within the site was declared as the Cape Nelson 
State Park, to be managed for conservation and recreation purposes (Parks Victoria 
2004). Again, no fires occurred during the 1970s to 1990s. In 1981 it was noted that 
the Cape Nelson area was used by 'sightseers, naturalists and some fishermen' 
(Department of Crown Lands and Survey 1981). 
In 1982, intensive cattle and sheep feed lots were established directly to the north of 
the site (Kellaway and Rhodes 2002). 
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Ongoing conservation: 1990s to 2002 
M-CAPE continues to maintain diverse management goals, including the Cape 
Nelson State Park, which maintains an IUCN Category III (Parks Victoria 2004), 
Cape Nelson Lighthouse Reserve, the narrow coastal reserve which is now managed 
by Parks Victoria as part of the Discovery Bay Coastal Park, and a small area of 
privately managed land used for grazing. 
Recreational use continues on the site, with several walking tracks and picnic 
grounds (Parks Victoria 2004). Unsealed and sealed vehicle tracks are also present 
and used regularly. 
Grazing by rabbits or native herbivores is still evident in the areas cleared for 
agriculture in the late 1960s (Figure 5 .13 ). Vegetation does not appear to have 
recovered from this period of use. The site remains unaffected by fire since 193 9 
(DSE 2005a). Swamp cores from Boomer Swamp, which is approximately 5km 
from M-CAPE, suggest that the recent fire frequency may have been the lowest in 
that area for the last 6 000 years (Head 1988). 
Figure 5.13 Evidence of grazing by rabbits and native herbivores is still obvious in areas 
cleared for agriculture between the 1960s and 1970s. Shrubs are A. longifo/ia. 
Source: Photo taken by author in March 2006. 
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Summary of disturbance history at M-CAPE 
The disturbance history of M-CAPE is similar to the other A. longifolia sites in 
many ways (Table 5.8). It includes a pre-European history likely characterised by 
frequent fire; extensive grazing in early settlement; more intensive grazing in the 
early to mid-1900s; and active grazing and fire suppression from the mid- to late 
1900s. 
However, there were key differences in the disturbance history of M-CAPE that 
distinguished it from other sites. The most significant is that a continuous cover of 
woody vegetation was maintained from early European settlement to the 1960s, with 
biomass reductions occurring primarily through fire events. In the 1960s, this cover 
was mechanically disturbed through clearing and was subsequently grazed. The 
clearing and grazing occurred later than other sites, and significantly, only affected 
the northern and western parts of the site. Grazing over two thirds of the area was 
removed in the 1970s when the site became a State Park, with the remaining third 
continuing as a grazing property. The site is also one of the longest unburnt of the 
seven sites, with the last fire occurring in 1939. The site is therefore zoned into three 
distinct disturbance histories: 1) long unburnt, minimal clearing, low-moderate 
grazing followed by no domestic stock grazing, 2) long unburnt, early low-moderate 
grazing, mechanical clearing, and intense grazing followed by no domestic stock 
grazing, and 3) long unburnt, early low-moderate grazing followed by ongoing 
intensive grazing. 
Table 5.8 Disturbance history summary of M-CAPE. 
Period Evidence of disturbance 
Fire Grazing Grazing Clearing Recreational Other 
events -stock activities 
>1 per rabbits 
decade 
Pre-1800 to 1830s 
./ JC JC JC JC 
1840s - 1880s ? 
./ JC JC JC Lighthouse, associated 
• buildings and tracks 
1880s - 1940s ? ./ ./ ./ ? Lighthouse, associated . • buildings and tracks 
1950 - early 1970s x ./ ./ ./ ? Lighthouse, associated 
• buildings and tracks 
Late 1970s - 1990 JC ./ ? JC ./ Lighthouse, associated 
• buildings and tracks 
1990s - 2002 x JC ./ JC ./ Lighthouse and associated buildings, grazing by 
native herbivores 
./ = disturbance documented X::: evidence that disturbance absent ? = no direct evidence 
available 
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Site NT-SULLEY: Sulley Ranges 
Site NT-BULLEY is known locally as the Bulley Ranges. It is characterised by a 
series of calcarenite dune ridges and occurs approximately 6km north of the present 
coastline. It is bordered to the west and east by unsealed vehicle tracks and to the 
south by the sealed Portland to Nelson road (Figure 5.14). An unsealed road (Bulley 
Ranges track) also runs through the western section of the site and provides a key 
access road to the Lower Glenelg National Park. A picnic area with public facilities 
is located in the south of the site (Figure 5.14). 
N 
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Figure 5.14 Characteristics of NT-BULLEY. 
Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004 ). 
Pre-settlement: pre-1800s to 1830s 
There is no direct reference to the early fire history of NT-B ULLEY. However as 
mentioned, swamp core analysis by Head (1983, 1988) suggests that low-intensity, 
frequent fire occurred in proximity of the coast for 6 000 years prior to European 
settlement. During an expedition in 1836 into the inland of south-west Vict01ia, it 
was noted from a vantage point some 50km 'north-east of site NT-BULLEY that 'the 
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country appears to be thickly inhabited [by Aborigines], fires seen in all 
directions ... ' (Douglas and O'Brien 1974 p. 110). This firing of vegetation would 
have changed with the rapid displacement of the Aboriginal people between the 
1830s and 1850s (Hedditch 1996, Kellaway and Rhodes 2002). 
Early settlement and pastoral expansion: 1840s to 1880s 
Pastoral occupation began at NT-BULLEY between 1840 and 1844 (Powell 1970, 
Peel 1974), the site occurring within the 'Moniboeng' pastoral runs (O'Gorman 
1998). An assessment of possible stocking density of the area in 1848 indicates a 
range of 5- 99 'livestock units' per 100 acres, or double that number of cattle in the 
same area (Powell 1970). The site remained outside the more intensively used 
'settled boundary' in the late 1840s and early 1850s (Powell 1970, O'Gorman 1998). 
Like sites M-CAPE, M-DEANS, T-MOUTH and T-BAY, NT-BULLEY was 
amongst land of the coastal plains of western Victoria which were overlooked for 
more intensive use following the Land Act of 1862 (Brookes 1864, Powell 1970). It 
was considered at the time to be 'best suited ... to extensive livestock farming' 
(Powell 1970 p. 91) and continued under annual lease (Powell 1970). The site 
remained free of smaller agricultural allotments in 1866 (Department of Crown 
Lands and Survey 1866). 
A number of references suggest that fire events were frequent during early 
settlement. According to the Land Conservation Council (1972), fires actually 
increased in frequency, intensity and area burned during the approximate 100 years 
post-settlement. This is supported by charcoal evidence analysed by Head (1988) 
from nearby coastal swamps, within 5km of NT-BULLEY. Blackbum (1974 p.15) 
notes that the pioneers of the western district 'suffered the scourge of the bushfires'. 
The Department of Crown Lands and Survey (1981) also comment that several 
major fires occurred in the region during early settlement. 
Closer settlement and intensified land use: 1880s to 1940s 
Fire continued to be used frequently from the 1880s to mid- l 900s. Fire was used to 
clear land for agriculture, bum old growth, and encourage new growth for grazing 
(Land Conservation Council 1972, Parks Victoria 1991). Often these fires would 
spread into adjacent native forest where they burned unrestricted (Land 
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Conservation Council 1972). Garnet (1947a p.63) commented during a flora survey 
to the Lower Glenelg that vegetation exhibited ' ... the devastating effect of the all 
too frequent bushfires' and speaks of 'fire-spoiled forest'. The Land Conservation 
Council (1972) suggested that early grazing and burning of the site was the cause for 
the open vegetation structure of the Ranges at the time. Tourist notes of the 'Bulley 
Ranges Forest Park' included in the report by Huebner (1994) similarly attribute the 
open vegetation structure to 'periodic burning and grazing of the Ranges about the 
turn of the century'. An early map showing forest distribution in Victoria indicates 
the site was previously forested with Eucalyptus obliqua (Victoria Department of 
Mines 1869). Parks Victoria (1991) confirm that the site was partly cleared and 
burnt repeatedly prior to conservation. 
Huebner (1994) describes a particularly hot fire coming from the north-east in 1938 
which affected NT-BULLEY. Digital fire histories also suggest that the north-east of 
the site may have been affected by wildfire in 1943 (DSE 2005a). Whether in fact 
two fires occurred in this section of the ranges between 1935 and 1945, or a single 
fire occurred and dates were later confused, is uncertain. 
In a map produced in 1880 by the Victorian Department of Crown Lands and 
Survey, NT-BULLEY is still classified as 'pastoral' but proposed for subdivision 
into a smaller block than the original 'Monibeong' pastoral run. Unlike other nearby 
forest, it was not proposed for more intense use, suggesting a low capability for this 
purpose. A track to the south of the site occurring in much the same location as the 
Portland-Nelson Road today is also shown on the map. 
A stock watering hole existed to the north of NT-BULLEY, which included stock 
fences and was used regularly by cattle and horse teams used in logging operations 
(Huebner 1994). NT-BULLEY was leased out in the 1930s for sheep grazing by the 
Forest Commission who managed the site (Huebner 1994). Land tenure maps show 
the area was split into six titles on the eastern side of the Ranges (Huebner 1994). 
Huebner (1994) adds a further section to the west of these which were also part of 
the lease but unmarked on the survey maps. During this period, rabbits were in 
plague proportions on the Ranges, with between 80 and 100 trapped per day 
(Huebner 1994). 
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From the 1920s to 1950s, extensive clearing and subsequent establishment of pine 
plantations occurred in the region, including to the immediate east, south and west 
of the site (Huebner 1994). The Land Conservation Council (1972) comment that 
pine plantations may have lowered the regional water table. 
Change in grazing intensity and shift to active fire suppression: 1950s to early 
1970s 
Fire frequency declined significantly at NT-BULLEY between the 1950s and 1970s. 
The Land Conservation Council (1972) attribute this to the introduction of 
mechanical clearing, a reduction in forest grazing, and active fire suppression. 
Huebner (1993) recorded that the last time the site was burnt was in 1959, in which 
the western half was burnt. Digital fire histories (DSE 2005a) confirm only one fire 
occurred on the Ranges during this period. 
Fire suppression activities were an outcome of the Forests Act of 1958. This Act 
stated that it was the responsibility of the Forests Commission to suppress fires on 
all land under their management, as well as that under the control of the National 
Parks Service (Garnet 1955). This included the Bulley Ranges. Garnet (1955 p. 98) 
commented that under this arrangement, bushfires were going to be 'less of a 
menace than yore'. Garnet (1960 p. 45) later notes that 'public opinion does not 
favour bush fires in national parks, nor timber logging, mining, quarrying, grazing of 
domestic stock ... or any other form of vandalism', suggesting a negative public 
perception of fire at the time. The Land Conservation Council (1972) proposed that 
the removal of previously frequent grazing and burning was the cause for the rapid 
recolonisation of scrub and forest. 
The grazing lease covering NT-BULLEY was withdrawn in the late 1940s, however 
small mobs of stray sheep continued to graze the State Forest (including this site) 
until the late 1960s (Huebner 1994). Baldock et al. (1995b) interpret the expansive 
areas of bare sand in the 1947 aerial photos of the site to represent overgrazing. It is 
possible, however that this was due to the 'plague-proportion' rabbits, which were 
later reduced drastically in numbers following the introduction of biological control 
in the 1950s (Kellaway and Rhodes 2002). 
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Relatively little is known of the recreational use of the site. It was noted by the Land 
Conservation Council ( 1972) that it attracted tourists to view the spring wildflowers. 
A lookout tower ('Bullies Ridge') also existed within the site (Huebner 1994), and a 
track running through the site was one of the major access points to popular river 
huts along the Glenelg (Stott 1979). Beekeeping licences for the site were also held 
until the late 1970s (Huebner 1994). 
By the 1970s, the site was listed as a Forest Park (Frankenberg 1971, Land 
Conservation Council 1972). Forest Parks were managed by the Forest Commission 
to protect areas of forest for the purposes of scenery and recreation (Frankenberg 
1971). Logging activities were generally not permitted (Frankenberg 1971). Recent 
GIS data confirms that unlike much of the Lower Glenelg National Park, selective 
logging did not take place on the Ranges in the mid-1900s (DSE 2005b), possibly as 
any suitable timber had already been removed. 
Whilst much of the Lower Glenelg National Park was declared in 1969, the Ranges 
were not added until 1975 (Parks Victoria 1991). This decision led to a conservation 
focus and the active remove of any residual stock grazing. 
Conservation phase with strict disturbance suppression: late 1970s to 1990s 
No fires occurred on the site during the late 1970s to 1990s (DSE 2005a). Grazing 
continued to be prohibited under the National Park status. 
Ongoing conservation with a slightly increased occurrence of fire: 1990s to 2002 
NT-BULLEY remains within the Lower Glenelg National Park and continues to be 
managed for conservation purposes (Parks Victoria 1991). Minor public facilities 
exist on southern areas of the site, and the main unsealed road still exists in the 
western section. 
Grazing by domestic stock remains prohibited, however rabbits and kangaroos still 
graze the few remaining grassland areas. 
In January 2000 a hot wildfire passed through the site, with the exception of a small 
area to the north (DSE 2005a). A fire break was created through the site during 
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control of this fire. A small prescribed burn affected a south-western section of the 
site in February of the same year (Taylor unpublished). 
Summary of disturbance history at NT-BULLEY 
NT-BULLEY has a disturbance history characterised by similar phases to other sites 
studied here (Table 5.9). Before European settlement it is likely that low intensity, 
frequent burning affected the site. Early European settlement was then characterised 
by broad scale pastoral activity and clearing of forest by fire and other means. Fire 
frequency and intensity increased, as did grazing intensity by the early 1900s. 
Rabbits would have contributed significantly to grazing intensity and frequency in 
the early 1900s. Stock grazing intensity then reduced in the 1940s before ceasing in 
the 1960s, and rabbits from the 1950s with the introduction of biological control. 
Rabbits and kangaroos continue to graze the site. The site came under conservation 
protection in the 1970s, and fire was absent between the 1970s and 1990s. In 2000, a 
hot wildfire burnt most of the site and a small prescribed burn was conducted over a 
limited area. These fires were the first for nearly 40 years. 
Table 5.9 Disturbance history summary of NT-BULLEY. 
Period Evidence of disturbance 
Fire Grazing- Grazing- Clearing Recreational Other 
events stock rabbits activities 
>1 per 
decade 
Pre-1800 to 1930 
./ jC JC jC jC 
1840s - 1880s ? 
./ ./ ? JC 
• . 
1880s -1940s 
./ ./ ./ ./ ./ Road access 
1950- early 1970s jC ./ ./ ? ./ Road access . 
Late 1970s - 1990 jC jC ? jC 
./ Road access . 
1990s - 2002 
./ jC ./ JC ./ Grazing by native 
mammals, road 
access 
./ = disturbance documented Jc= evidence that disturbance absent ? == no direct evidence 
available 
Site NT-FLAT: Woody Flat 
Site NT-FLAT is known locally and in the literature as 'Woody Flat' or 'Red Gum 
Flat'. It is currently inaccessible by road, and forms a large grassland patch 
surrounded by Eucalyptus woodland (Figure 5.15). The history of this site is the 
least recorded of the seven sites, with no intensive development prior to the 1900s. 
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Figure 5.14 Characteristics of NT-FLAT. 
Source: map compiled by author using data from the DSE Corporate Geospatial Data Library, 
Department of Sustainability and Environment (2004). 
Pre-settlement land management: pre-1800s to early 1830s 
As with other sites in the region, it is likely that frequent, low intensity fire occurred 
at NT-FLAT and the surrounding region for several thousand years prior to 
European settlement (Head 1988). NT-FLAT was within the broader region for 
which numerous fires were observed by early European explorers (Douglas and 
O'Brien 1974). As with the rest of the study area, Aboriginal land management was 
excluded by the 1850s (Hedditch 1996). 
Early settlement and pastoral expansion: 1840s to 1880s 
Pastoral use began at NT-FLAT during the 1840s as part of the 14 000 acre 
'Glenelg' pastoral property (Powell 1970, Peel 1974, Department of Crown Lands 
and Survey 1981, O'Gorman 1998). In the late 1840s, the property and site remained 
outside the settled boundary (Powell 1970), suggesting a lower intensity of use than 
nearby coastal sites. Like NT-BULLEY, an assessment of possible stocking density 
of the area including NT-FLAT in 1848 indicates a range of 5- 99 'livestock units' 
per 100 acres (Powell 1970). A map by Brookes (1864) identifies the area including 
NT-FLAT as land suitable for more intensive use following the Land Act of 1862, 
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although it was not amongst the land to be preferentially sold first. In a map showing 
areas of closer settlement in 1866, the area to the direct north of the Glenelg river, 
including NT-FLAT, is still free of smaller agricultural allotments (Land 
Conservation Council 1996), indicating any closer settlement must have occurred 
later. However, a map published in Powell (1970) indicates an area which appears to 
incorporate NT-FLAT as being selected for closer agricultural use (allotments of 
200-300 acres) between 1865 and 1869. The scale of the map makes confirmation 
difficult. 
The Land Conservation Council ( 1973) noted that although the history of the site is 
poorly known, it is probable that the open grassland is the result of early grazing and 
burning. An early map of forest distribution in Victoria indicates the site was 
forested with Eucalyptus species (Department of Crown Lands and Survey 1866), 
although the resolution of the map is coarser than the site itself. 
Intensified land use: 1880s to 1940s 
In the early 1900s, the camp of a local wood splitter was located on the north side of 
the Glenelg River not far from NT-FLAT (O'Gorman 1998). Wood splitting was a 
common occupation for pioneers in the region (Hamilton Spectator 1955), and the 
catchment area for wood cutting would have included NT-FLAT. The Land 
Conservation Council (1972) later noted the poor condition of remaining Eucalyptus 
obliqua forest in this area which they attributed to early selective logging and 
wildfires. 
By 1928 NT-FLAT was classified as Reserved Forest (Land Conservation Council 
1996). Such reservations were made to protect the timber from wasteful use, but did 
not prevent activities such as grazing and firewood collection. Early reports revealed 
their reservation was focused on ensuring ongoing use of forest resources rather than 
conservation (e.g. Learmonth 1960). Learmonth (1960) later records that of the 200 
000 acres of forest reserved near Portland in 1960, nine million super feet of timber, 
25 000 poles, 100 000 fencing posts and 6 000 tons of firewood had already been 
extracted. 
As with previously described sites, rabbits are likely to have grazed the site from the 
late 1800s (Huebner 1994). Anecdotal evidence reported in Kellaway and Rhodes 
149 
(2002 p.88) notes that landholders at the nearby Drik-Drik township were 'driven 
away by the rabbit plague' in the late 1800s. 
Changes in grazing intensity and active fire suppression: 1950s to 1970s 
A survey map by Edwards (1949) shows the area incorporating NT-FLAT was at the 
time still free of private land status, however this does not mean that the forest was 
not leased for grazing. In fact, it was more than likely grazed between the 1950s and 
early 1970s as grazing was extremely common on state forest land yet to be formally 
protected for conservation (Frankenberg 1971). 
In May 1952, an introductory note to Victorian Naturalist notes that whilst the 
southern section of the Glenelg had been declared a sanctuary, the area to the north 
(including NT-FLAT) was still unprotected due to 'complaints from solider settlers 
of the need to clear out kangaroos, which are damaging their crops' (Vol. 69 ( 1) 
p.2). Again in 1955, it was reported that land holders to the north of the Glenelg 
River still wanted the northern area (including the river) unprotected so that 
kangaroos and emus did not breed out of control and invade and subsequently 
damage their land (Gamet 1955). This further implies that the whole forest area to 
the north was still subject to use by adjacent land holders and others; possibly 
including cattle or sheep grazing, and that native herbivors such as kangaroos were 
actively controlled. Aerial photography of the site from 1967 shows what appear to 
be many small tracks and numerous small patches of exposed sand, indicating heavy 
sheep, rabbit or kangaroo grazing at the time. Similar patches of exposed sand can 
be seen in aerial photographs of cleared, grazed paddocks near Cape Nelson in 1986. 
However, Baldock et al. (1995b) note that sheep grazing ceased in the Lower 
Glenelg National Park area between the 1950s and 1960s. Parks Victoria (2000b) 
similarly note that all stock grazing ceased in this area by the 1950s. It is likely then 
that this grazing pressure came from native herbivores released from active control. 
NT-FLAT was not included in the original Lower Glenelg National Park 
(Frankenberg 1971, Land Conservation Council 1972), instead being added in 1975. 
No fires were recorded at the site from the 1950s to early 1970s (DSE 2005a). 
Inclusion in the National Park would have also led to the banning of any ongoing 
control of native animals. 
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The site is not marked as being logged between the 1950s and 1970s in logging 
histories of the area (DSE 2005b ). 
Ongoing conservation: 1990s to 2002 
NT-FLAT remains part of the Lower Glenelg National Park and is managed for 
conservation purposes (Parks Victoria 1991). No fires have occurred during this 
period (DSE 2005a), nor has there been domestic stock grazing. Native herbivores, 
rabbits and occasional feral sheep still graze parts of the National Park (Parks 
Victoria 1991). There has been no vehicle access to this site for the past decade due 
to dense A. longifolia overgrowth (Ryan pers. comm.). 
Summary of disturbance history at NT-FLAT 
The disturbance history of NT-FLAT is slightly less complete due to the difficulty 
of sourcing relevant information specific to the site. Nevertheless, some broad 
phases can still be detected (Table 5.10). As with other sites, low intensity, frequent 
fire was probably a component of the fire regime for several thousand years prior to 
European settlement. Clearing, burning and broad scale stock grazing were all part 
of the disturbance regime following European settlement. It is not clear whether 
there was an intensification of stock grazing as occurred at other sites; however, 
aerial photography taken between 1947 and 2002 suggests recent fluctuations in 
grazing intensity. The site has been protected for conservation purposes since the 
mid- 1970s, and it appears fire has been absent since before the 1940s to today. 
Stock grazing has not taken place since the mid 1900s. 
Table 5.10 Disturbance history summary of NT-FLAT. 
Period Evidence of disturbance 
Fire Grazing- Grazing- Clearing Recreational Other 
events stock rabbits activities 
>1 per 
decade 
Pre-1800 to 1930 
./ jC jC jC jC 
1840s-1880s 
./ ./ JC ? JC 
1880s - 1940s ? ./ ./ ./ ? Road access 
1950 - early 1970s jC 
./ ./ ? ? Road access, control of 
native herbivores 
Late 1970s - 1990 jC jC ? JC ? Road, release of herbivores from control 
1990s- 2002 JC JC ./ JC JC Grazing by herbivores 
./ = disturbance documented X= evidence that disturbance absent 
? = no direct evidence available 
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5.4.2 Comparing disturbance histories at A. /ongifolia and 
non-A. longifolia sites 
Grazing history 
The grazing histories of A. longifolia sites were visibly different from the non-A. 
longifolia sites (Figures 5.16 and 5.17). A. longifolia sites all experienced stock 
grazing in the early periods of 1940 to 1947 and 1947 to 1967, with stock removed 
at varying times between the 1960s and 1980s. By 1981, stock grazing had been 
removed from all sites. Hence the study period of 1947 to 2002 encompasses a 
distinct change in grazing regime at these sites. 
Site 
T-MOUTH 
T-BAY 
M-NELSON 
M-CAPE 
M-DEANS 
NT-BULLEY 
NT-FLAT 
1930s 1947- 1967- 1972- 1981- 1981- 1992-
-1947 1967 1972 1981 1986 1992 2002 
Figure 5.16 Grazing history of A. longifolia sites. 
Site 1930s- 1947- 1967- 1972- 1981- 1981- 1992-
1947 1967 1972 1981 1986 1992 2002 
COMP-1 
COMP-2 ** 
COMP-3 
COMP-4 ** 
COMP-5 
COMP-6 ? 
COMP-7 
Figure 5.17 Grazing history of non-A. longifolia sites 
Estimated grazing 
intensity D None known or negligible 
D Low intensity (extensive, irregular) 
• Moderate 
• 
High intensity 
(intensive, regular) 
r;;i Present but intensity LJ unknown 
r?1 May have been present, LJ unknown 
1"\:71 Aerial photography 
~ unavailable 
Comparison sites on the other hand experienced little or no intensive stock grazing 
between 1947 and 2002, or where grazing occurred it was over a shorter period than 
the A. longifolia sites. 
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Clearing history 
The site-scale clearing histories of A. longifolia and non-A. longifolia sites were 
markedly different (Figures 5.18 and 5.19). Although non-A. longifolia sites one to 
five and 7 were all within broad areas targeted for logging between the periods 1965 
and the late 1970s, there was no evidence of clear fell logging of greater than 25% 
of any site. The only evidence of significant clearing at any of these sites was in the 
1992 aerial photography of COMP-4, which had some minor clearing. 
A. longifolia sites on the other hand had evidence of significant site-scale clearing 
prior to 1947 or between 1967 and 1981(Figure5.18). 
Site 
T-MOUTH 
T-BAY 
M-NELSON 
M-CAPE 
M-DEANS 
NT-BULLEY 
NT-FLAT 
1972- 1981- 1981- 1992-
1981 1986 1992 2002 
Figure 5.18 Clearing history of A. longifolia sites 
Site Pre- 1947- 1967- 1972- 1981- 1981- 1992-
1947 1967 1972 1981 1986 1992 2002 
COMP-1 
COMP-2 
COMP-3 
COMP-4 
COMP-5 
COMP-6 
COMP-7 
Figure 5.19 Clearing history of non-A longifolia sites 
• 76 • 100% of study area 
• 51-75%ofstudyarea 
D 26 - 50% of study area 
D O - 25% of study area 
~ Aerial photography not available 
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A. longifolia sites were typically more fragmented and exposed to adjacent land 
clearing during the 55 year study period (Figure 5.20). Most comparison sites 
experienced little or no evidence of adjacent clearing during the same period (Figure 
5.21). 
Site 1930s 1947· 1967· 1972- 1981- 1981- 1992-
-1947 1967 1972 1981 1986 1992 2002 
T-MOUTH 
T-BAY 
M-NELSON 
M-CAPE 
M-DEANS 
NT-BULLEY 
NT-FLAT 
Figure 5.20 Adjacent clearing at A. longifolia sites 
Site 1937- 1947- 1967- 1972- 1981-
1947 1967 1972 1981 1986 
COMP-1 
COMP-2 
COMP-3 
COMP-4 
COMP-5 
COMP-6 
COMP-7 
Figure 5.21 Adjacent clearing at non-A. longifolia sites 
Road/track density 
1981- 1992-
1992 2002 
• 76 - 100% of study area 
• 51-75% of study area 
D 26 - 50% of study area 
D O - 25% of study area 
~ Aerial photography not available 
All sites, both A. longifolia and non-A. longifolia, had tracks or roads occurring 
within them during the 55 year period, with the exception of COMP-6 (Figures 5.22 
and 5.23). On average, the A. longifolia sites have experienced a greater density of 
tracks within their area and over longer periods. 
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Site 
T-MOUTH 
T-BAY 
M-NELSON 
M-CAPE 
M-DEANS 
NT-BULLEY 
NT-FLAT 
Figure 5.22 Road/track density history of A. longifolia sites 
Site 1947 1967 1972 1981 1986 1992 
COMP-1 
COMP-2 
COMP-3 
COMP-4 
COMP-5 
COMP-6 
COMP-7 
Figure 5.23 Road/track density of non-A longifolia sites 
Fire 
II >100m/ha 
II 51-100m/ha 
2002 D 26-50m/ha 
D <25m/ha 
~ Aerial photography not available 
Whilst the non-A. longifolia sites generally experienced a lower incidence of 
clearing, grazing, fragmentation of surrounding land and track densities than the A. 
longifolia sites, the opposite appeared to be true for fire history (Figures 5.24 and 
5.25). Overall, there was a greater coverage and temporal frequency of fires at the 
comparison sites. With the exception of a fire affecting approximately one fifth of 
M-NELSON in 1979, the A. longifolia sites were completely free of fire between the 
late 1960s and 1992 (Figure 2.24). On the other hand, all comparison sites except 
COMP-7 experienced at least one fire during the same period (Figure 2.25). In all 
cases, fires were either extensive in coverage, or experienced more than one fire 
during this period. COMP-4, -5 and -6 all experienced four or more fires between 
194 7 and 2002. The longest unburnt of the comparison sites was the coastal site, 
which had not been burnt since 1939, and even this fire only covered a small 
fraction of the site. Interestingly, although there are currently low levels of A. 
longifolia at this · site compared to other coastal sites, there was evidence of some A. 
longifolia occurrence at all time intervals on the aerial photographs. 
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T-MOUTH 
T-BAY 
M-NELSON 
M-DEANS 
NT-BULLEY 
NT-FLAT 
M-CAPE 
Fire history 1937-
1947 
Site covera e 
Number of fires 
Site covera e 
Number of fires 
Site covera e 
Number of fires 
Site covera e 
Number of fires 
>2.5 fires per decade 
76 • 100% of study area affected 
1.5 - 2.4 fires per decade 
51-75% of study area affected 
1947-
1967 
D 
D 
1967- 1972- 1981- 1981-
1972 1981 1986 1992 
0.5 - 1.4 fires per decade 
26 - 50% of study area affected 
<0.5 fires per decade 
0 • 25% of study area affected 
~ Fire events occurred, however details unknown 
Figure 5.24 Fire histories of the A. longifolia sites 
Fire history 1937- 1947- 1967- 1972- 1981- 1981-
1947 1967 1972 1981 1986 1992 
COMP-1 Site covera e 
Number of fires 
COMP-2 Site covera e 
Number of fires 
COMP-3 Site covera e 
COMP-4 
COMP-5 
COMP-6 
COMP-7 Site coverage 
Number of fires 
>2.5 fires per decade D 0.5 - 1.4 fires per decade 76 - 100% of study area affected 26 - 50% of study area affected 
• 
1.5 - 2.4 fires per decade D <0.5 fires per decade 51-75% of study area affected O - 25% of study area affected 
Figure 5.25 Fire histories of the non-A. longifolia sites 
1992-
2002 
1992-
2002 
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5.4.3 Linking disturbance history and A. longifolia cover at 
the site scale 
The disturbance histories of each A. longifolia site are shown in Figure 5.26 along 
with the changes in A. longifolia cover at the site level over the same time intervals. 
All sites showed evidence of clearing and grazing in the 194 7 aerial photographs, 
consistent with descriptions in the historical literature. They tended to be situated in 
locations in the landscape were they were bordering cleared land for the past 55 
years, and contained relatively high road densities for at least part of this time. All 
sites showed a trend in reduced grazing intensity over the 55 years, and all were free 
of stock grazing by the 1981 photos. Fires were more likely in the first two intervals 
or the last interval. There were no fires at any of the sites between 1981 and 1992, 
and the only fire between 1967 and 1981 was a small fire in 1979 affecting part of 
M-NELSON. 
The only disturbance variable which varied consistently with changes in A. 
longifolia cover was grazing intensity. All but one of the sites experienced initial 
upward trends in A. longifolia cover coinciding with a reduction in grazing pressure 
over the same period. On the other hand, the reduction in A. longifolia cover in the 
early phases at T-BAY coincided with an increase of grazing intensity. 
There is also some evidence that changes to burning regimes influence A. longifolia 
dynamics. Sharp drops in previously high A. longifolia cover at NT-BULLEY and 
M-DEANS between 1992 and 2002 coincide with the occurrence of fires at these 
sites during the same period, although clearing of fire breaks containing A. longifolia 
at M-DEANS also contributed to the decline at this site. 
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Figure 5.26a-d Change in A. longifolia cover at the site scale alongside compiled 
disturbance histories over the same period (continued over page). 
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It must be emphasised that the methods used in this study are not deductive and 
therefore a cause and effect relationship cannot be established between the observed 
changes in A. longifolia cover and the disturbance regime elements. It should also be 
noted that the selection of non- A. longifolia sites was restrained by the site selection 
criteria and may not be representative of all vegetation with negligible A. longifolia 
cover. The observed associations discussed here will require further testing to 
determine their generality and whether they are deterministic. Additionally, it was 
not possible to obtain quantitative information for some disturbance regime 
elements, therefore semi-quantitative and subjective assessments were necessary. 
Grazing intensity was particularly hard to reconstruct. Further investigation into the 
role of grazing intensity on A. longifolia spread under more controlled conditions 
would be valuable. Finally, due to the varying scales at which disturbance regime 
histories were available, it was necessary to coarsen results to the site scale. This 
may have filtered out any finer-scale patterns. 
Nevertheless, multiple lines of evidence arising from the three investigations in this 
chapter would suggest that disturbance history has played a significant role in the 
recent spread of A. longifolia in the study area (Table 5.11). The following 
discussion will present a proposal that the cause for the recent spread of A. longifolia 
in south-west Victoria is a combination of changes to grazing, clearing and burning 
regimes. It will be argued that the sequence and synergy of changes are important in 
triggering and maintaining invasive populations. Evidence for this theory will be 
presented and discussed at three levels: 
1 within the context of century-scale changes in vegetation structure and 
disturbance history at seven sites currently occupied by A. longifolia; 
2 through comparison of disturbance histories of sites where A. longifolia is 
currently present with sites where it is absence or in negligible quantities; and 
3 by explicitly comparing spatio-temporal changes in disturbance regimes and 
changes in A. longifolia cover at the site scale 
Whilst the first of these analyses has been used previously to demonstrate a link 
between native tree/shrub proliferation and disturbance history (e.g. Bennett 1994, 
Lunt l 998b ), the later two provide more explicit evidence to support the theories. 
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1880s to 1940s), reduction in grazing intensity and active fire suppression (1950s to 
1970s), conservation with strict disturbance suppression (1970s to 1990s), and 
finally, ongoing conservation with a slightly increased occurrence of fire (1990s to 
today). 
All disturbance phases prior to the mid-1900s were characterised by regular burning 
and/or grazing and clearing. That is, disturbances regimes which favour the removal 
of woody biomass and maintenance of open vegetation structure. Aerial photographs 
taken during 194 7 and some of the 1967 photographs capture the end of this phase. 
As demonstrated in Chapter 4, vegetation in 1947 was characteristically open, even 
in wooded environments. 
The most significant change in disturbance regimes over the past two or more 
centuries has taken place since the mid-1900s, where there was a sudden reduction 
in grazing pressure and the virtual elimination of fire from the study sites. Such 
changes coincided with a shift in public opinion, which no longer condoned the 
presence of fire and domestic animals in nature reserves (Garnet 1960). These 
changes were established firmly by the 1970s and early 1980s as most of the sites 
were either incorporated into the reserve system or managed with a conservation 
focus. This preservation generally meant complete removal of stock and active fire 
suppression. This phase has continued to the present day; however, the first fires in 
many decades have taken place at two of the sites in the last 10 years. Changing 
perceptions regarding the role of fire in maintaining biodiversity suggest that the 
next phase in management will be represented by the ongoing absence of grazing 
and clearing, but an increase in prescribed burning (Emergency Services 
Commissioner 2005). 
The vegetation changes observed in recent decades, including the proliferation of A. 
longifolia, have occurred immediately following this dramatic shift in disturbance 
regimes. An increase in the woody component of vegetation has occurred following 
a shift from a disturbance regime which discourages woody growth (frequent fire, 
clearing and grazing) to one that favours it (absence of fire, reduced clearing and 
grazing). Similar vegetation changes following changes in disturbance regimes have 
been reported worldwide (Van Auken 2000, Roques et al. 2001). 
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The proliferation of A. longifolia following a recent shift in disturbance regimes is 
consistent with observations elsewhere in south-eastern Australia (Cohen 1981, 
Bennett 1994, McMahon et al. 1994, Costello et al. 2000). In south-eastern South 
Australia, the conversion from Allocasuarina grassy woodlands to A. longifolia 
shrublands followed a shift from clearing, grazing (stock and rabbits) and burning in 
the 1800s to early 1900s, to a removal of grazing and burning from the early 1900s 
onwards (Cohen 1981). Costello et al. (2000) likewise found the increase in A. 
longifolia in a coastal grassland to coincide with the removal of cattle grazing, also 
during a period of fire suppression. Similar observations have been made for other 
woody species such as Leptospennum laevigatum, Kunzea ambigua and 
Allocasuarina littoralis which have recently increased in dominance in coastal and 
near-coastal areas of temperate Australia (e.g. Kirschbaum and Williams 1991, 
Bennett 1994, Lunt 1998b). However, to date, histories have not been matched in a 
spatially and temporally explicit manner across more than one site. 
The reconstruction of decadal to century scale disturbance regimes in this study has 
revealed that sites which have experienced a rapid increase in A. longifolia cover 
over the past 55 years have a common disturbance history. This history is 
characterised by a sudden and recent shift from a disturbance regime which 
discourages woody growth (frequent burning, grazing and clearing) to one which 
promotes it (absence of fire, intense grazing and burning). Whilst this is consistent 
with the theory that changed disturbance regimes is the cause for A. longifolia 
expansion, a link between the two remains circumstantial without further evidence. 
5.5.2 Differences in disturbance histories between A. 
longifolia and non-A. Jongifolia sites 
When comparing the combined disturbance histories of the A. longifolia and non-A. 
longifolia sites over the past 55 years, a clear difference in the level and sequence of 
disturbances is evident. Non-A. longifolia sites have an overall lower level of 
disturbance across the clearing, grazing, and road density categories. A particularly 
distinguishing difference from the A. longifolia sites is the absence of intensive 
clearing and grazing over the entire period, and the generally lower levels of 
disturbance in the early phase of 1947 to 1967. The A. longifolia sites on the other 
hand clearly depict the change in disturbance history during the mid-1900s which 
was reflected in the historical literature. These sites all experienced significant 
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grazing and clearing between 1947 and 1967, followed by a removal of these 
disturbances in later years. In most cases, the level of surrounding fragmentation and 
road densities is also greater at these sites. It is likely that the accessibility and 
fragmentation of these sites made them more susceptible to uses such as clearing 
and grazing. 
When comparing fire regimes, the most obvious difference between the two groups 
of sites is the occurrence of fire between 1967 and 1992. Whilst both types of sites 
experienced similar fire regimes between 194 7 and 1967, the A. longifolia sites 
showed a significant absence of fire between 1967 and 1992, an obvious outcome of 
fire suppression policy at the time. On the other hand, six out of the seven 
comparison sites experienced either more than one fire during this period, or where 
only one fire occurred, it covered most or the entire site. Interestingly, the site which 
did not experience fire during this period did have A. longifolia present during its 
history (the only one of the comparison sites which did). 
In all cases, the complete removal of stock grazing from the A. longifolia sites 
coincided with the absence of fire. 
The comparison of disturbance histories between sites where A. longifolia has 
increased in cover and those where it has not adds further support to the idea that 
changes in disturbance regimes are the cause for the recent change. Results suggest 
that a reduction in grazing intensity and fire suppression may be important factors. 
However a greater influence of all disturbance types examined at the A. longifolia 
sites still makes it difficult to separate the most important ones. Further evidence is 
still required. 
5.5.3 Linking spatially and temporally explicit disturbance 
regimes with A. longifolia cover at the site scale 
Whilst comparing the histories of A. longifolia and comparison sites provides some 
important evidence of a possible link between changes in A. longifolia and changes 
in disturbance history, the clearest evidence comes from explicitly linking spatio-
temporal disturbance histories with changes in A. longifolia cover at the site scale. 
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Of all the disturbance types considered, changes in grazing intensity appeared to be 
most consistently associated with changes in A. longifolia cover. The first significant 
increase in A. longifolia cover at T-MOUTH, NT-BULLEY, NT-FLAT, M-CAPE 
and M-DEANS all occurred during a period in which grazing intensity had declined 
since the previous period. On the other hand, early decreases in A. longifolia cover 
also coincided with an increase in grazing intensity. At T-BAY, the decline in A. 
longifolia cover between 1947 and 1967 coincided with an increase in grazing 
intensity from the previous period. By 1972 A. longifolia cover had recovered 
slightly, and once stock grazing was completely removed in the 1970s, A. longifolia 
continued to increase across all time periods. NT-FLAT is the only exception where 
an increase in A. longifolia cover does not follow an obvious change in grazing 
regime. This may be explained by the observation that A. longifolia populations had 
not reached as far inland as NT-FLAT at the time grazing regimes changed, 
therefore there were no source seed to initiate the encroachment until some years 
later. 
In the absence of stock grazing, A. longifolia continued to increase in cover across 
most sites and time periods, although there were a number of exceptions. The drop 
in A longifolia cover at NT-FLAT between 1992 and 2002 is somewhat misleading, 
as it is due to tree growth obscuring previously visible A. longifolia cover in the 
aerial photography. A. longifolia in the grassland was also actively managed in this 
period (Baldock et al. I 995a, Ryan pers. comm.). A decline in A. longifolia cover at 
T-MOUTH between 1981and1986 appears to be the result of senescence of old A. 
longifolia stands in the absence of disturbance. 
Changes in fire regimes also appear to have played some role in A. longifolia 
dynamics, although the association is less clear than for grazing. An absence of fire 
alone does not appear to account for the initial spread of A. longifolia at the seven 
study sites, nor does the occurrence of fire. For example, M-CAPE has not 
experienced a fire since the 1930s, however was only encroached by A. longifolia 
following the clearing and grazing of the northern section between the 1960s and 
1970s. Nevertheless, most of the increases in A. longifolia cover have occurred 
under a reduced fire frequency, and the steepest increases took place when fire was 
absent. The recent sharp drop in A. longifolia cover at NT-BULLEY and M-DEANS 
can be directly attributed to the occurrence of fires between 1992 and 2002. The fire 
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at NT-BULLEY covered more than 80% of its area, whilst a number of smaller fires 
at M-DEANS covered a combined area of approximately 30%. 
The role of vegetation clearing in the spread of A. longifolia is again less obvious, 
but may still be important. Cover of A. longifolia did not vary consistently with 
changes in the occurrence and extent of clearing. However, all but one A. longifolia 
site showed signs of significant vegetation clearing in the 1947 photographs, and all 
sites experienced varying levels of vegetation clearing throughout the 55 year 
period. The independent effect of clearing was difficult to ascertain as it was almost 
always associated with stock grazing, particularly in the early periods. Clearing in 
the surrounding landscape did not appear to have a direct influence on A. longifolia 
dynamics at the site scale, other than perhaps along edges. However, as mentioned, 
the fragmentation of these sites may have had an indirect effect by making the sites 
more accessible for other uses, and less likely to experience wildfire as it is easier to 
control in the open landscape. 
Changes in A. longifolia cover did not appear to be directly associated with the 
density of tracks at the site level. Nevertheless, results did reveal that all sites had 
reasonable access by road or tracks over much of their history, which is likely to 
have influenced the occurrence and intensity of other disturbance types. It is also 
possible that tracks play some role in the invasion process at scales other than the 
one studied. Visual assessment of aerial photographs in Chapter 4 showed that A. 
longifolia often colonised roadsides or abandoned tracks, and initial colonisation of 
NT-BULLEY and M-DEANS were in close proximity to tracks. Emeny et al. (2006) 
also found an association between A. longifolia occurrence and roads at the regional 
level. However, it is evident that disturbances due to roads alone cannot explain the 
spread of A. long1folia in the study sites. 
5.5.4 The possible roles of clearing, grazing and fire regime 
in the dynamics of A. longifolia 
Whilst each of the three investigations carried out in this study may not alone 
provide enough evidence to link changes in A. longifolia and disturbance histories, 
together they provide a more convincing argument to direct further research. 
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Lack of fire or a reduction in fire frequency has often been accepted as the primary 
reason for the increased abundance and spread of A. longifolia in the Glenelg Plain 
bioregion (Race and Rollings 1992, McMahon et al. 1994, Baldock et al. l 995a, 
Clay and Schneider 2000, Mitchell 2007). As a fire sensitive-shrub, mature A. 
longif olia plants are typically killed during fire events, thus it follows that regular 
fire should help keep population numbers low. However, results presented here 
suggest that fire suppression alone is not responsible for the change in A. longifolia 
distribution over the past 55 years. 
Whilst a number of authors have speculated over the role of changed grazing 
regimes in the recent spread of A. longifolia in south-eastern Australia (Cohen 1981, 
Baldock et al. 1995a, Costello et al. 2000, Carr 2001a), Costello et al. (2000) were 
the first to identify a possible association between the removal of stock grazing and 
the spread of A. longifolia at a coastal grassland site. However, evidence for this link 
admittedly speculative. Results of the present study show a similar association 
between reduction in grazing intensity and the initial spread of A. longifolia. In this 
study however, a change in A. longifolia cover could be associated in a spatially and 
temporally explicit manner to a change in grazing intensity across several different 
sites, and compared to other sites where A. longifolia is absent. It appears that stock 
grazing did not have to be completely removed to have an effect, rather a general 
reduction in intensity. On the other hand, where intense stock grazing is maintained 
over time, A. longifolia is unable to establish. This is evident in the numerous grazed 
paddocks adjacent to the study sites. 
Whilst the change in grazing regimes provided the most explicit association with the 
initial spread of A. longifolia, it is unlikely that it provides the full explanation for 
ongoing spread of the species. The role of early vegetation clearing is difficult to 
separate from grazing as sites were usually grazed following clearing. Nevertheless, 
six of the seven A. longifolia sites were structurally open in 194 7 as a result of 
anthropogenic clearing, burning and grazing over previous decades, which all 
opened up vegetation cover and disturbed soil. In contrast, the comparison sites have 
maintained a more intact cover of original native vegetation over the 55 year period, 
and have not been subject to the more extensive clearing and soil disturbance that 
has taken place at the A. longifolia sites. 
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An area burnt in the 1990s on M-DEANS clearly shows the difference vegetation 
clearing can make to the response of vegetation to other disturbances. A wildfire in 
1997 reduced the previously dense A. longifolia shrubland to a more diverse heathy 
vegetation community. An exception has been the area under powerlines, 
mechanically cleared in the past, and on the edge of the area burnt. Here, A. 
longifolia has regenerated densly post-fire (Figure 5.27). It appears the disturbed 
substrate and open vegetation structure has allowed A. longifolia to re-establish 
more quickly than at adjacent sites with intact cover. 
Figure 5.27 Contrasting vegetation at M-DEANS as a result of differing disturbance 
regimes. On the left is unburnt heathy vegetation. The yellow flowering vegetation on the 
right is a near-monoculture of A. longifolia which has regenerated post-fire beneath 
powerlines under which vegetation has been mechanically cleared and soil disturbed. 
Source: Photograph taken by author, August 2005 at Cape Grant. 
Perhaps the most convincing evidence of the role of opening vegetation in 
promoting A. longifolia establishment is M-CAPE. Unlike the other study sites, M-
CAPE appears to have maintained reasonable woody vegetation cover for most of its 
post-European settlement history. The 1947 aerial photograph clearly shows a 
relatively intact cover of woody vegetation (Chapter 4). However from 1967, 
sections of the site were mechanically cleared then used for livestock grazing, only 
later to be included in a conservation resei;ve (the Cape Nelson State Park). 
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Significantly, these cleared areas constitute almost all of the present cover of A. 
longifolia at the site (Figure 5.28). The density of vegetation outside of this section 
makes it hard to conceive that A. longifolia seedlings would be able to establish in 
any case (Figure 5.29). On the other hand, the previously cleared area still shows 
evidence of historic grazing, with patches of exposed ground where A. longifolia has 
not colonized (Figure 5.30). 
2002 A.longifolia 
cover displayed over 
the 1967 land 
classification 
Bare 
2002 Alonglfol/a 8hoWn over 
1967 land coYllr map 
Figure 5.28 Spatial alignment between A. longifolia in 2002 and vegetation cleared in 
1967. The image in the upper left shows land cover at the site in 2002. The image in the 
upper right shows land cover in 1967, including two areas cleared for agriculture. When 
2002 A. longifolia cover is displayed over the 1967 land cover map, it is apparent that most 
current A. longifolia has colonised areas cleared 30 years prior. 
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Figure 5.29 Vegetation on M-CAPE that was not previously cleared and grazed forms a 
dense canopy (left photo) that allows little light in at ground level (right photo). 
Source: taken by author, September 2007 at Cape Nelson. 
Figure 5.30 Vegetation on M-CAPE that was previously cleared and grazed in the 1960s. 
The vegetation still shows evidence of degradation, with exposed soil and low species 
diversity. Shrubs in the background are mostly A. longifolia. This photograph was taken 
only 10 m north of those in Figure 5.30, with a clear vegetation boundary caused by the 
clearing 30 years prior. 
Source: taken by author, September 2007 at Cape Nelson. 
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A change in fire regime may not provide the sole explanation for triggering the 
recent spread of A. longifolia, but undoubtedly played a role. A. longifolia is fire-
sensitive; hence if fire was frequent it is unlikely it could spread at the present rate 
regardless of changes to grazing or clearing regimes. The reduction of A. longifolia 
cover at sites between 1992 and 2002 post-fire supports this idea. 
It is proposed that a combination of previously open vegetation (through clearing, 
grazing or repeated burning), a sudden reduction in grazing pressure following a 
history of intensified grazing, and the ongoing absence of fire are primarily 
responsible for the changed distribution of A. longifolia at the seven study sites in 
south-west Victoria. Areas which experienced a change in grazing, were not 
intensively cleared, and experienced ongoing frequent fire (e.g. COMP-4), have not 
experienced encroachment by A. longifolia. Likewise, sites which have experienced 
infrequent fire over the past 55 years but were not heavily cleared and grazed (e.g. 
COMP-2 and COMP-3) also remain free of A. longifolia. 
Whilst disturbance histories were only reconstructed for the seven study sites, 
similar changes in disturbance regimes have been reported for the region as a whole, 
and could therefore account for the widespread distribution of A. longifolia. The 
seven study sites considered here represent some of the highest cover of A. 
longifolia in the region. Many examples exist in the region where smaller, more 
scattered populations of A. longifolia exist in the understorey. It is possible that 
these populations have established as a result of a similar sequence of disturbance 
regime shifts acting over smaller areas e.g. localised disturbances resulting in 
removal of canopy and creating soil disturbance. Testing of these theories could be 
undertaken at the regional scale and across different levels of A. longifolia coverage 
to further determine their validity. 
5.6 CONCLUSION 
Multiple lines of evidence suggest that initial A. longifolia spread has followed a 
previous regime that opened vegetation structure and disturbed soil (clearing, 
grazing and burning), followed by a shift to a regime of reduced grazing, clearing 
and burning. A reduction in grazing intensity during a period of fire suppression 
appears to be the trigger for the spread of A. longifolia at the study sites where there 
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was adequate propagule supply and a disturbed, high-light environment. This theory 
will be further developed in Chapter 7. 
Chapters 4 and 5 have demonstrated a net change in A. longif olia cover and range 
that appears to be associated with changes in disturbance regimes. Whilst this 
confirmation that A. longifolia has changed in distribution and is likely be attributed 
to management history will assist regional vegetation managers, an equally 
important management issue is the longer-term outcomes of these encroachments. 
The next chapter identifies temporal pathways of vegetation change and examines 
the typical pathways of A. longifolia persistence, reversibility, and vegetation 
resistance to A. longif olia. 
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